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PREFACE. 



This work is intended for those who possess a fair 
knowledge of arithmetic, and have an ordinary amount 
of intelligence. Many of the points discussed in it 
could have been explained in much less space with the 
use of symbols and formulsB ; but it was not thought 
advisable to introduce such abstract considerations into 
a book written expressly for the use of schools. The 
examples are given, not for the purpose of teaching 
boys to substitute concrete for abstract numbers and 
to work out equations, but to induce them to think and 
to apply the principles which they have learnt in 
studying Pure Mathematics. Empirical rules are pre- 
judicial to early progress in the Sciences ; for a person 
may learn a formula, and work out correctly all ques- 
tions that can be answered by means of it, without 
ever thoroughly understanding the reasoning which led 
to its adoption. 

The Metnc System of "WeigYit^ «tA ^•e^^xst'^s* V^^ 
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been intentionally employed in the present volume. 
It will, doubtless, be objected that no examples have 
been given of the conversion of English into French 
measures; but it was thought that such examples, 
though they may teach the student how to multiply, 
can give him no useful knowledge of the Metric 
System. Moreover, the English measures are regarded 
by the author in much the same way as caloric is — 
as essentially bad, so that the less said of them the 
better. 

The arithmetical accuracy to which the phenomena 
of Heat have been reduced renders this science, pecu- 
liarly well adapted as a subject of education in superior 
schools. In this respect. Heat, Dynamics, and Che- 
mistry stand to Pure Mathematics in much the same 
relation as that in which English, French, and German 
stand to the study of Latin and Greek. It is 
therefore to be regretted that, in the Matriculation 
Regulations of the University of London, Heat should 
be combined with Chemistry, while Light and Sound 
— subjects by no means so well suited for ordinary 
school education — have a far more prominent place 
allotted to them. 

Scarcely any reference is made throughout this book 

to other works on Heat. The pupil, after perusing 

the /allowing pages, is recommended to study the 

Brticle on Heat in Watts 's Dictionary of Chemistry ; 
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also Dr. Tyndall's Heat as a Mode of Motion , several 
portions of which are masterpieces of lucid explana- 
tion. Dr. Balfour Stewart's Elementart/ Treatise on 
Heatj and Professor Tait's Thermodynamics will be 
most valuable aids to him when he has a connected 
view of the main facts of the science. 

Univbrsity College School, London, 
October, i869. 
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INTRODUCTION. 



The measures of length, capacity, and weight em- 
ployed in the present work are those nsed on the 
Continent and by scientific men in all countries. 
This system is called the French, or the Metric, 
System. 

Measures of Length.— One ten- millionth of 
the line drawn from the Equator to the North Pole 
through Paris is called a metre ; its length is a little 
more than 1 yard 3 inches. Several other lengths 
are used, just as we have inches, feet, yards, miles, 
&c. ; but the former, unlike the latter, are inter- 
connected in a very simple way, as is seen by tlie 
following table : — 

One milli-metre = '001 or 1-1 000th of a metre. 

— centi-metre = '01 or 1-lOOth 

— deci-metre = •! or 1-lOth 






— metre 

— deca-metre = 10 metres. 

— hecto-metre = 100 ,, 

— kilo-metre := 1,000 „ 



^ 
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1 inch is a little more than 2*5 centi- 
metres ; and therefore a decimetre is about 
4 inches, and a foot about 3 decimetres. 
A mile is somewhat more than 1*6 kilo- 
metre. Fig. 1 is very nearly an exact 
representation of a decimetre divided into 
centimetres and millimetres. There are 10 
millimetres in a centimetre, 10 centimetres 
in a decimetre, 10 decametres in a hecto- 
metre, 100 decametres in a kilometre, 
and so on. 

Questions on the Measures of 
Length. 

1. How many centimetres are there in 
a hectometre? — Arts. 10,000. 

2. How many decimetres are there in 
•05 kilometre? — Ans. 500. 

3. How many metres are there in 356 '543 
centimetres ? — Ans. 3*56543. 

4. What part of a metre is -0115 
decametre ? — A7is. '115 of a metre. 



Measures of Capacity.— A cube, the edge of 

which is 1 decimetre (called therefore a cubic deci- 
metre), is the unit of bulk or capacity, and is generally 
termed a litre. A litre, then, is a <jubic decimetre; it 
contains a little more than 62 cubic mches, i.€. rather 
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more than a pint and three quarters. The other 
measares of capacity are related to the litre in the 
same way as the decimetre, the decametre, &c., are 
to the metre ; thus a millilitre is '001 of a litre ; a 
decilitre is *1 of a litre ; a hectolitre is 100 litres, and 
so on. 

Since 1 decimetre = 10 centimetres 

1 cubic decimetre, 

or a litre = 1,000 cubic centimetres. 

And in the same way 1000 cubic decimetres, or litres 
make up 1 cubic metre or a kilolitre.* A cubic centi- 
metre has the size of a small die ; it is a millilitre. 

Questions on the Measures of Capacity. 

1. How many decilitres are there in 1*35 deca- 
litre? — Ans. 135. 

2. How many centilitres are there in '037 litre ? — 
Ans. 3*7. 

3. How many litres are there in 1*5 cubic metre ? — 
Ans. 1,500. 

4. How many cubic decimetres are there in '054 cubic 
decametre? — Ans. 54,000. 

5. What part of a cubic metre is a decalitre ? — Ans. 
1-lOOth. 



* The bnlk of solids is given usTiallj in cubic decimetres, cubic 
metres, &c. ; that of liquids in litres, decalitres, &c. ; either method 
is employed in the case of gases. 
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6. How many cubic metres are there in 1565976 
cubic centimetres ? — Ans. 1*565976. 

Measures of Weight. — A cubic centimetre 
of water at a certain temperature (see further, p. 60) 
has a certain weight ; this weight is called a gramme. 
A gramme, therefore, is the accurate weight of a cubic 
centimetre of pure water at a certain definite tempe- 
rature, for at no other temperature than that fixed 
upon has a cubic centimetre this precise weight. At 
all other temperatures, this bulk of water weighs less 
than a gramme, as will be seen hereafter. In the same 
way as before, 1 milligramme is '001 of a gramme ; 
1 decigramme is '1 of a gramme, and so on. 1 ounce 
troy is rather more than 31 grammes ; and 1 pound 
avoirdupois is not quite half a kilogramme. In the 
following examples, the water is supposed to be mea- 
sured off in all cases at the particular temperature 
above referred to. 

Questions on the Measures of Weight. 

1. Find the weight of a litre of water. — Ans. 
1 kilogramme. 

2. Find the weight of 10 centilitres of water. — Ans, 
1 hectogramme. 

3. Find the weight of a cubic metre of water. — Ans. 
1, 000 Ajlogrammes. 
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4. Find the weight of '5 decalitre of water. — Ana, 
6,000 grammes. 

5. Find the bulk of 10*5 grammes of water. — Ans, 
•0105 litre. 

6. Find the bulk of 16 kilogrammes of water. — 
Ans. 16 cubic decimetres. 

7. Find the bulk of 10*3 decagrammes of water. — 
Ans, 103 cubic centimetres. 

A cubic centimetre of any other substance, as of 
mercury, at a certain fixed temperature, does not weigh 
1 gramme ; if it weighs more than 1 gramme, as is the 
case with mercury, it is said to be heavier than water, 
that is, bulk for bulk ; if it weighs less than 1 gramme, 
as in the case of oil or wood, it is said to be lighter 
than water. But this subject will be entered into more 
fully when ** Temperature " has been discussed. In the 
meantime, the student should provide himself with fac- 
similes of the measures of length, bulk, and weight ; 
for example, with a metre rule, a litre cube, a cubic 
centimetre, and, if possible, with a gramme and a kilo- 
gramme. Very little real progress can be made in 
the metric system unless these standard measures are 
constantly before the eye. 

. For further partiqulars, . see ** BarflPs Chemistry," 
pp, 266-9. 
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If you were to remain for an hour in a brilliantly 
lighted room, and were then to remove into another 
room that was only very dimly lighted, this latter would 
appear to you to be quite dark or very nearly so ; but 
the eye quickly adjusts itself, and you would perceive 
that it was not really dark, but only seemed to be so. 
If, on the other hand, you were to remain for some 
time in a very dark ropm, and were then to remove into 
the above-mentioned dimly lighted room, the latter 
would appear very well illuminated : but still it is no 
lighter than before when it appeared so dark ; it has the 
same quantity of light in it. It has appeared both 
dark and light. The same phenomenon occurs with 
heat. A, B, and o are three basins ; a is filled with 
very cold water, b with very hot water, and o with luke- 
warm water. If one hand is placed in a and the other 
in B, and they are allowed to remain so for some time, 
and are then both removed and plunged into c, the 
water in o will feel warm to the cold hand but cold to 
the hot hand. The same water has appeared both hot 
and cold. Why is this ? Hot and cold are what we 
call comparative terms ; water which is cold in summer 
js^ in the winter, bo hot that the ixoBt-\)it\«tL\ia,\i^ <i«Bi- 
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not bear it. A man working close to a furnace will go 
out into the sunshine to cool himself ; but a man who 
works in a cold well will come into the same sunshine 
to warm himself. Things appear to us to be hot or cold 
according as we are cold or hot. 

We say that a thing is hot because it has heat in it. 
Why is a thing cold ? Is it because it has coldness in 
it ? A consideration of the above experiment will at 
once show that this is not the proper answer. A room 
is dark — not because it has darkness in it — but because 
it has not light in it. Darkness means absence of light. 
In the same way a thing is said to be cold if there is 
less heat in it. Hence, in our study of heat, we shall 
never, or very rarely, speak of coldness, because it is 
only a negative word signifying absence of heat. 

All substances which have been in one room for a 
long time must be, as we shall afterwards show, equally 
warm ; but they do not feel equally warm to our hands. 
Spoons, steel knives, glass tumblers, marble substances, 
&c., appear to be very much colder than substances 
made of wood, cloth, flannel, &c. The reason of this 
is that silver, steel, and certain other substances have 
the power of carrying away the heat of our hands very 
rapidly, and this removal of heat produces the sensation 
of cold. Such substances as silver are called good 
conductors of heat, but wood is a bad conductor. 

In Chemistry we learn that matter is indestructible ; 
the corresponding truth in the subject before us is that 
Force is indestructible : you cannot permanently get rid 
of it. A kilogramme of boiling water a is mixed with 
a kilogramme of cold water b, and we obtain 2 kilo- 
grammes of rather hot water c. T\ietft \^^'& ^ ^^A'Nca. 
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quantity of beat in a and a certain quantity in b. Let 
us suppose that there were 9 measures of heat in a, and 
1 measure of heat in b ; there must be 10 measures of 
beat in o (9 measures + 1 measure), for none of the 
heat has been destroyed by the process of mixing — we 
cannot destroy beat. Thus we see that there is more 
heat in o than in a, and yet o is not so hot as a ; and 
the reason of this is that, whereas the 9 measures of 
beat in a are spread over only 1 kilogramme of water, 
the 10 measures of heat in o are spread over 2 kilo- 
grammes. The beat in o is spread over a greater weight, 
it is not so intense ; the intensity of the heat is less. In 
order that 2 kilogrammes of water may feel as hot as 
1 kilogramme of water, there must be double the quan- 
tity of heat in the 2 kilogrammes. We thus see that 
the intensity of the heat in a body depends not only 
upon the quantity of heat in that body, but also upon 
the quantity of matter in it. We use another and a more 
convenient term for intensity of heat ; the temperature 
of a body means the intensity of the heat in that body. 
If a thing is intensely hot, its temperature is said to 
bo high ; a body is said to be at a very low temperature 
if the intensity of the heat in it is very slight. 
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EXPANSION. 

' The great majority of substances expand when 
heated ; that is, they increase in bulk or volume. 

(1) Gases. — If a bladder is three-quarters filled with 
air and is then tied up and held before a fire, it bulges 
out in all directions and appears to become filled with 
air. This arises from the air occupying a larger bulk 
or volume at the higher temperature. 

(2) Liquids, — The mercuiy of a thermometer rises 
in the small tube in warm weather because the mercury 
expands and occupies a greater- space. If a kettle is 
completely filled with water and is placed on the fire,- 
the water will expand and run down the outside of the 
kettle long before the water boils. If a narrow-necked 
bottle is filled with hot water and is then allowed to 
cool, the water will be observed to recede from the 
narrow neck, and when at the temperature of the sur- 
rounding air it will occupy only the broad portion of 
ibe bottle. 
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(3) Solids. — Solids expand so slightly when heated 
that a somewhat delicate apparatus is required to render 




Fig. 2. 

the expansion visible. A bar of iron a b (Fig. 2) is 
firmly fixed at a, and is provided at its other extremity 
with an elastic cord that passes tightly round a wheel 
supporting the index i. If the bar be heated, it elon- 
gates and allows the elastic cord to contract ; but as the 
cord contracts, the wheel revolves and the index with it. 
The bar on cooling, contracts and pulls the elastic cord 
with it, and thus the index i returns to its former posi- 
tion. This shows that substances not only expand when 
heated, but contract again to their original bulk on 
cooling. 

How is it that substances do not expand without 
being heated ? and how is it that they do expand when 
heated? There are certain forces at work in every 
substance, such as the force of cohesion. In a bar of 
iron, all the particles of iron tend to cohere or stick 
together, and it requires great force to break the bar 
Into two pieces, Jtfow, when ttie \3aT oi \totl ^x^^tl^^^^ 
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the particles of iron separate to a very small extent, 
and the force of cohesion is partially overcome. Heat, 
therefore, will overcome the force of cohesion, and 
cause the har to expand ; but the bar will not expand 
spontaneously because of this force of cohesion. But 
cohesion is not the only force at work in the bar, as we 
shall presently see. In the same way the different 
particles of a liquid cohere, and consequently the above 
remarks apply to liquids as well as to solids. But, when 
we come to gases, we find that, for all practical pur- 
poses f the particles of a gas do not cohere*; the 
atmosphere — a huge body of gas — does not, like the 
sea, remain at or near the surface of the earth, but 
extends to a distance of 70 or 80 kilometres above the 
sea's level. What force, then, prevented the air in the 
bladder from expanding spontaneously and filling it 
without the agency of heat ? The weight or pressure 
of the atmosphere. If this weight be removed from 
the bladder, as by placing the bladder in the bell-jar of 
an air-pump, and then exhausting the jar, the bladder 
will bulge out just as if it were heated, and, if not 
strong enough, will burst. Does not the pressure of 
the atmosphere prevent solids and liquids from expand- 
ing? Yes ; but the effect of atmospheric pressure on 
the expansion of solids and liquids is very slight indeed 
when compared with that of the other forces, to one of 
which — cohesion — we have above referred. 

♦ See further, p. 64, and Chapter YIII. 
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I EXPANSION OF SOLIDS. 

. Solids expand less than either Hquids or gases, and so 
we will study their expansion first. Suppose we had a 
Qubical hlock. of some solid — say a large die made of 
lead— and suppose the edge of the die measured exactly 
1 decimetre. This block would then be 1 decimetre 
long, 1 decimetre broad, and 1 decimetre deep or thick. 
The length, breadth, and thickness are called the three 
dimensions of the block. The face of it, i,e, any of 
the surfaces upon which it can stand, forms a square, 
and each of the four sides of the square is a decimetre ; 
the face or superficies of the cube is 1 square decimetre. 
The whole bulk or volume of the cube, or its cubical 
contents, is 1 cubic decimetre. 

Now, if such a cube as this were heated, it would 
expand equally in all directions. If the length were to 
expand by 1- 1000th of a decimetre ('001 decimetre), 
t.e. if the length were to become 1*001 decimetre, the 
breadth would likewise become 1*001 decimetre, so also 
the depth. We should have a larger cube than before-; 
the edge of this larger cube would be 1*001 decimetre ; 
its face or superficies would be a square, each of whose 
sides would be 1*001 decimetre. Now, the increase in 
t£e edge is called linear expansion ; t\ift Vxict^«k%^ \\i>iJcife 
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face, superficial eocpansion ; and the increase in the 
whole bulk, cubical expansion. 

When we Consider linear expansion, we have expan- 
sion in only one direction — length, breadth, or depth; 
bnt in superficial expansion, we have expansion in two 
directions — e,g, length and breadth ; and in cubical 
expansion, we have expansion in three directions — 
length, breadth, and depth. It is found by experiment 
that the superficial expansion of one side of a cube is 
twice as great as the linear expansion of one of the 
edges of the cube, and that the cubical expansion is 
three times as great as the linear expansion. For 
example, a cube of iron, the length of whose edge in 
freezing water is 1 decimetre, expands when put into 
boiling water, and the edge becomes 1*00118 decimetre 
long. Hence the linear expansion is '00118 decimetre ; 
its superficial expansion is twice '00118, or '00236 
square decimetre, so that the area of its side becomes 
1*00236 square decimetre ; and its cubical expansion is 
three times '00118, or '00354 cubic decimetre, so that 
the bulk of the cube becomes 1*00354 cubic decimetre. 

There is much difference between the temperatures 
of freezing and of boiling water, and yet the iron 
expands very slightly ; and iron is one of the most 
expansible of solids. As a rule, metals expand more 
than other solids. 

To determine the linear expansion of a solid, one end 
of a rod of that solid is immoveably fixed to a support, 
and the whole is immersed in a mixture of ice and 
water. The length of the rod is then observed with 
the utmost care. After this, the ice is removed; and 
tbo rod 18 raised to the tempeiataft oi \icfX\\i^'^^K«^^ 
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by surrounding it with the steam of boiling water, and 
when the rod is at that temperature the length is again 
accurately noted. The increase in the length of the 
rod is, of course, the amount of expansion undergone 
by a rod of the length chosen, when heated from the 
freezing to the boiling temperature of water. Suppose 
that a rod of copper, 2 decimetres long in freezing water, 
expanded when immersed in steam, and measured 
2*00344 decimetres. The amount of expansion under- 
gone by 2 decimetres of copper is '00344, and there- 
fore the amount undergone by 1 decimetre is '00172, 
i.e. half of '00344. Hence the amount of expansion 
on 1 metre (10 decimetres) of copper is ten times 
•00172 decimetre, or -00172 metre. The following 
table gives the amount of expansion undergone by rods 
of the various substances named (each rod supposed to 
be 1 decimetre long) when heated from the freezing to 
the boiling temperature of water : — 

Glass tube '00086 of a decimetre 

Platinum -00088 

Steel, untempered -00108 

Iron ; -00118 

Steel, tempered, yellow -00137 

Gold -00138 

Copper '00172 „ 

Silver -00199 „ 

Tin -00273 „ 

Lead -00301 „ 

Solids have what is called a specific expansibility, 

i.e. each solid has its own peculiar rate of expansion — 

some expanding more than others, and metals, as a 

ru7e^ expanding more than other aoMa, %& %k^«.dy 
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mentioned. But glass tube and platinum expand to 
very nearly the same extent, and therefore, when hot, 
they both contract to very nearly the same extent on 
cooling. Thus, if platinum is made red-hot, and is 
then thrust into fused glass, they do not separate on 
cooling ; but if copper wire had been used instead of 
platinum wire, the copper would have contracted much 
more than the glass, and would have receded from it, 
leaving a hole indicating its former position. A eudio- 
meter is made ** by strongly heating the end of the 
tube in the blow-pipe flame, and then just touching it 
at the point where the wire is to be introduced with a 
hot platinum wire ;, to this the glass strongly adheres, 
and by this means is drawn out to a fine thread, which, 
.on being cut off close to the eudiometer, is found to be 
hollow; through this hole a platinum wire is intro- 
duced, and the glass carefully fused all around it." — 

W. J. Russell. 
Fig. 3 represents a eudio- 
meter provided with platinum 
wires. 

Many circumstances have a 
great influence upon the amount 
of expansion. Steel, for ex- 
ample, expands more when 
tempered than when not tem- 
pered ; and iron has a different 
rate of expansion, according 
as it contains more or less 
carbon (cast iron, steel, and 
wrought iron). But the most 
important circamst&nce to note here is \\va \»&»evi^^ ^^ 
temperature. If a glass rod, 'which, is \ m^XJc^ \wv^ Ss^. 




Fig. 3. 
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boiling water, is beated till it is as mncli botter tban 
boiling water as boiling water is botter tban ice, its 
linear expansion is '00092 metre ; and if 1 metre of 
glass tube measured at tbis bigber temperature is 
beated till it becomes as mucb* botter as boiling water 
is botter tban ice, its linear expansion is '00101 metre. 
Now, if we compare tbese numbers witb tbat given in 
tbe table above, '00086, we see tbat tbe linear expan- 
sion increases witb tbe temperature. Otber solids 
follow tbe same general rule ; tbe botter tbey are the 
more tbey expand for tbe same increase of temperature. 
It is clear tbat tbe superficial and tbe cubical expan- 
sion of solids must likewise be more rapid at bigli tban 
at low temperatures. 

Examples on the Expansion of Solids. 

1. A bar of iron is 5 decimetres long wben im- 
mersed in freezing water ; wbat is its lengtb in boiling 
water ? 

A bar 1 decimetre long becomes 1*00118 decimetre when simi- 
larly treated ; 
.*. a bar 5 decimetres „ 5X1*00118 „ 

or 5-0059 „ 

Ans. 5*0059 decimetres. 

2. A bar of copper is 4 decametres long wben im- 
mersed in boiling water ; wbat is its lengtb in freezing 
water? 

A bar 1*00172 decametre long becomes 1 decametre when simi- 
larly treated ; 

1 
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— Aus. ^^'^"^ m<b\x«^. 
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3. 13 centimetres of glass tube are measured off in 
ice, and are then heated till they are as much hotter 
than boiling water as the latter is hotter than ice ; what 
is then the length of the tube ? 

We will suppose the glass to be heated first of all to 
the temperature of boiling water, and secondly to the 
higher temperature. 

Since 1 centiinetre of glass tube in ice becomes 1'00086 centimetre 

in boiling water, 

and 1 „ „ in boiling water „ 1*00092 „ at the 

higher temp. 

/. 1-00086 „ „ „ 1-00092X1-00086 

= 1-00178 

.. 1 „ „ in ice becomes 1*00178 „ 

/. 13 „ „ „ „ 13x1-00178 

= 13-02314 

Ans. -1302314 metre. 

4. Two rods, one of copper, the other of iron, both 
measure 3*5 decimetres in freezing water ; when both 
are transferred to boiling water, which rod is the longer, 
and by how much? — Ans. The copper rod by -189 
millimetre. 

5. What length of untempered steel expands by 1*8 
millimetre when removed from freezing to boiling 
water? — Ans. 1-6667 metre. 

6. 1*2 decimetre of glass tube is measured off at 
the higher temperature mentioned in Example 3 ; what 
is its length in boihng water, and also in freezing 
^ater?— ^ns. -1198898 metre ; -1197868 metre. 

When a solid is heated it expands, because the heat 
oyercomes those forces which tend to keep the particles 
of the solid close together. Now we can overcome these 
forces by mecbam'cal force, though 'wvth gte^\, d\S£ka\3iN.\?i\ 
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and thus heat answers the same purpose as the process 
of pulling. In the same way, if a solid is heated and is 
then left to cool, it contracts just as if it were subjected 
to great pressure : and the force exerted by hot iron in 
cooling is made use of in the construction of cart-wheels. 
The tire is an iron hoop which is rather too small to 
pass over the wooden framework of the wheel ; but when 
heated it expands and can then be passed over the 
framework. As it cools, it contracts and clasps the 
wheel with enormous force. The expansion of iron has 
to be taken into consideration in the construction of 
iron bridges, and in the laying down of railroads. In 
the latter case, for instance, if the separate bars of iron 
were put along the road so as to be close together when 
cold, they would expand in hot weather and thrust one 
another upwards, and thus disarrange the railroad. 
Hence there is always a small interval of a few milli- 
metres left between each two consecutive bars. 

Example. 30,000 bars of iron, each 1*5 metre long 
in ice, are to be laid down during a frost length- 
wise between two points a and b, and the bars are to 
be at equal distances from one another; what must 
be the distance between any two consecutive bars, so 
that, when all of them are heated to the temperature of 
boiling water, they shall just touch each other, it being 
supposed that one extremity of the first bar is fixed 
firmly at a, and the opposite extremity of the last bar 
firmly at b ? Also find the distance between a and b, 
i,e, the length of the 30,000 bars at the temperature 
of boiling water. — Ans. 1*77 millimetre; 45*0531 kilo- 
metres. 

J Compound Bar (Fig. 4) is a metallic bar consist- 
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ing of platinum and copper, or of platinum and iron, 
firmly soldered together, end to end. When such a 
bar is heated, both the metals expand, but the platinum 
expands least. The two metals cannot separate at their 

ends and expand like separate 
bars of each metal : they must 
remain together, and yet one 
side of the bar must expand 
more than the other side. 
Hence, when heated, the com- 
pound bar bends, and the con- 
cave or smaller surface is the platinum one. For a 
similar reason, when cooled, the bar becomes straight 
again. 

A pendulum is a metallic rod supporting a weight, or 
bob, and it is made to oscillate by a certain con- 
trivance. The rate of its oscillation depends, to a great 
extent, upon the distance of what is called the centre 
of oscillation from its point of suspension. Now, the 
centre of oscillation is situated in the bob ; but the 
distance of this centre from the point of suspension is 
greater in hot than in cold weather, because the metallic 
rod is longer. Hence a clock loses time in summer 
and gains time in winter, unless suitable precautions 
are taken. To compensate for this effect of tem- 
perature, pendulums have been contrived which are not 
practically lengthened when the temperature rises. 

The Gridiron Pendulum has the shape given in 
Fig. 5. It is constructed of two dififerent metals, as 
steel (a b, g d), and brass (e f, oh). The brass 
expands upwards more than the steel does downwards, 
so that, by mmg a proper length ot \>T»i'&^,>Jckfc ^^XaxjkR?^ 
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bettreen o and p can be made con- 
stant at all temperatoreB likelj to 
occur in practice. When carefoll; 
made, this pendnlnm is mnch more 
accurate tiian the following: — The 
rod of the pendnlnm (Fig. 6) is en- 
larged at its lower extremity, and a 
glass vessel almost foil of mercnry 
is placed in the enlarged portion. 
When a rise of temperature occdts, 
the rod leng^ens downwards, but the 
mercnry expands upwards in the 
vessel. The principle of this is 
exactly the same as that of the Grid- 
iron Fendnlum, hut the mercury is 
much more sensitive to change of 
temperature than the metallic rod, 
and consequently will often rise 
slightly in the vessel when the rod 
itself is not affected. 

The Salance-wheel of a watch ex- 
pands in warm weather, and conse- 
quently turns slower. The following 
contrivance is therefore employed 



© 
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in the constrnction of chronometers. The circumference 
has the form given to it in Fig. 7, but consists of 
two metals closely fitted together, the outer one 
expanding the most. When the temperature rises, 
the diametet of the wheel increases, but the parts of 
the circumference bend inwards, each part being a com- 
pound bar. If the temperature falls, the diameter 
diminishes and the circumference bends outwards. By 
this means the expansion of the diameter is compensated 
for, and the rate of turning remains constant. 

If a bar of iron measures 1 metre when immersed 
in freezing water, it will measure 1*00118 metre in 
boiling water. Knowing this fact, we might have a 
bar whose length was exactly 1 metre at the tem- 
perature of freezing water ; and, if we wished to deter- 
mine the temperature of any other sample of water, or 
of an oil, we should only have to immerse the bar of 
iron in it, and read off its length accurately ; if this 
length was I'OOllS metre, we should know that the 
water boiled, or that the oil was at the same tempe- 
rature as boiling water. Now the increase in the length 
is so small that it is difficult, and in most cases impos- 
sible, to ascertain it with any degree of accuracy, 
because we should generally be obliged to use a bar 
shorter than 1 metre, and therefore the absolute 
amount of expansion would be less. But, by the fol- 
lowing contrivance, any change of temperature, though 
very slight, is readily observable. — Breguet^s* Ther^ 
mometer, A thermometer is an instrument employed 
for the measurement of temperature. Breguet's ther- 

♦ Abraham L. Breguet, a Swiss watdaiaatoc QTl^n— \'^'^'^. 
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mometer (Fig. 8) consists 
of a spiral coil, which is 
made up of two metals, 
platinum and silver, finnly 
soldered together by a thin 
layer of gold. The silver is 
on the outside of the coil, 
i: the platinum on the inside ; 
so that any rise of tem- 
perature is indicated by 
the spiral coiling up. The 
spiral carries an index which moves over a graduated 
scale. If the temperature falls, the spiral nncoils and 
the index moves back again. 

We have adverted to the great objection against 
using the increase in the length of a metallic bar as a 
means of determining the temperature to which the 
bar is exposed ; but, if we wish to determine exces- 
sively high temperatures, we must in many cases over- 
look this objection, as it is one of the only methods at 
our disposal : instruments used for these high tem- 
peratures are called Pyrometers (measurers of fire), 
Wedgwood's* pyrometer was an instrument for mea- 
suring high temperatures by the contraction of a pellet 
of baked clay when heated ; but this has long gone 
out of use, since a permanent low temperature will 
produce the same effect npon the clay as a high tem- 
perature of short continuance. 

DanielVs f pyrometer (Fig. 9) is more accurate, but 

• Josiak Wedgwood (1780-B5). 
f John Frederick Dwuefl tn^O— \attV 
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the indications must still be regarded only as approx- 
imations. A tube of well-baked plumbago (a) con- 
tains a bar of iron (b), and the tube is closed by a 
pj tightly-fitting porcelain plug (c). When 
•—'"—• this is put into a furnace, the plumbago, the 
iron, and the porcelain all expand, but the 
iron expands the most, and forces up the 
porcelain plug. On removal, the instru- 
ment cools ; but the plug remains where it 
is, since it, fits tightly in the tube ; a scale 
is then fixed on to the apparatus, and the 
index indicates the temperature. 

The Cubical Expansion of a solid can be 
®* * found from the linear expansion by multi- 
plying the latter by 3. The following table gives the 
cubical expansions of several solids when heated from 
the temperature of freezing to that of boiling water : 
the second column, headed " Calculated,'' is obtained 
by multiplying the linear expansions by 3 ; the third 
column contains the cubical expansions, found by 
direct experiment. The third column agrees very 
generally with the second ; where discrepancies occur, 
the linear and the cubical expansion were determined 
for different specimens of the same solid, and these 
differed in the amount of their impurities, &c. 

Calculated. Found. 

Glass tube -00258 -00258 

Platinum -00264 -00265 

Iron -00354 -00355 

Copper -00516 -00515 

Tin... -00819 -00689 

Lead -00903 -^^^^'^^ 
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The third column of numbers can be found by either 
of the following methods : — 

(1.) Since a cube increases in bulk as its temperature 
rises, it follows that its relative weight diminishes as 
the temperature rises.* Hence, by finding its relative 
weight at difi'erent temperatures, we can deduce the 
amount of expansion undergone ; if the relative weight 
becomes halved, we know the volume has been doubled. 
Suppose a cubic centimetre of a metal weighs 12 
grammes at the freezing temperature of water ; its 
relative weight at that temperature, as compared with 
water, is then 12 ; but suppose its relative weight at 
the boiling temperature of water is 11'91 — what amount 
of expansion has it undergone ? Its bulk at the boiling 
temperature is 

1 cubic centimetre + the volume by which it has expanded. 

The 1 cubic centimetre weighs 11*91 grammes, and 
the whole bulk together weighs 12 grammes ; therefore 
the volume by which it has expanded must weigh 
12 — 11-91, or '09 gramme. 

Now 11*91 grammes occupy 1 cubic centimetre 

1 gramme occupies cubic centimetre 

*09 
•09 gramme occupies .prTQi cul>ic centimetre 

= '00756 cubic centimetre nearly. 

Hence the bulk at the boiling temperature is 
1*00756 cubic centimetre, and the cubical expansion 
is -00756. 

Example 1 . The relative weight of a solid at the tem- 
perature of freezing water is 18, but at the temperature 

* See p. 44». 
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of boiling water it is 17*982 ; what is the bulk of 1 
cubic decimetre of the solid measured off at the freezing 
temperature when it is immersed in boiling water? 
— Ans, 1001*001 cubic centimetres. 

2. Three cubic metres of a solid measured in freezing 
water become 3*01 cubic metres when immersed in 
boiling water. The relative weight of the solid at the 
former temperature is 7*8 ; find the relative weight at 
the latter.— ulns. 7*774. 

(2.) The second method to be described is that 
employed by Dulong* and Petit. The metal to be 
examined was put into a glass tube, and the unoccupied 
space in the tube was measured at the freezing and at 
the boiHng temperature of water by filling the space 
with mercury, corrections being made for the expansion 
of the tube itself and of the mercury. Supposing 
these corrections to have been made, the difference 
between the two spaces is evidently equal to the cubical 
expansion of the metal. 

Finally, some solids when heated do not expand, but 
contract. Vulcanised caoutchouc is one of these ; 
another is a remarkable alloy of 1 part of lead, 1 part 
of tin, and 2 parts of bismuth — three metals. When 
the temperature of this alloy is gradually raised, the 
solid first of all expands and then contracts ; and on 
being still further heated it expands again, and finally 
fuses. These facts decisively prove that cohesion is 
not the only force at work in solid bodies ; there are 
other forces exerted by the particles upon one another, 
but almost all that we know of these forces is that there 
are such. 

* Peter Lewis Dxdong, 17^^—1%^%. 
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CONDUCTION OF HEAT. 

The term ** conductor of heat" was explained when 
the sensation produced by touching a good conductor 
was described. A person's hand is generally hotter 
than the objects which he touches, and consequently 
good conductors generally feel colder than bad con- 
ductors. But, if both the good and the bad conductors 
of heat are hotter than the hand, then the good con- 
ductors feel hotter than the bad ones, though they are 
not in reality so. A good conductor feels hotter than a 
bad one, because no sooner is the touched part cooled 
by contact with the hand than heat flows to that part 
from other portions of the mass. This is not the case 
with bad conductors ; the handle of a kettle or of a 
teapot should be made of some material that conducts 
heat badly. 

Of all solids metals are the best conductors, and the 
superior conductivity of iron is made use of in Sir 
Humphry Davy's* Safety Lamp ; the heat produced by 
the combustion within the lamp is so completely con- 
ducted away by the wire gauze, that the explosive gases 
outside the lamp cannot become ignited.f Another 

♦ Sir Humphry Davy, 1778—1829. 
f See BaxS's Chemistry, p. S^. 
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striking illustration of the conductivity of heat pos- 
sessed by metals is the following : — A brass cylinder is 
covered tightly with tissue paper and is then held over 
a flame ; the paper is not scorched for some little time, 
owing to the withdrawal of the heat by the brass ; but 
if a wooden cylinder is used instead of a brass one, the 
paper becomes scorched almost instantly. If some oil 
of turpentine is dropped upon a flagstone and ignited, 
the flame will soon be extinguished, the rest of the oil 
remaining unbumt ; in this case the heat produced by 
the combustion is so rapidly removed that the combus- 
tion cannot continue ; but, if the oil is poured upon a 
block of wood instead, the heat of combustion is not 
withdrawn, but accumulates, and the whole of the oil 
bums away* 

If two similar bars, one of copper and the other of 
iron, are heated at one end, the opposite end of the 
copper bar will become hot long before the correspond- 
ing end of the iron bar. It is very natural to conclude 
from this that copper is a better conductor of heat than 
iron is ; but it will be shown in a future chapter that 
this is by no means a logical conclusion. Copper is a 
better conductor of heat than iron, and this fact is 
ascertained in the following way : — A long bar of the 
metal to be examined is heated at one end by some 
constant source of heat, the temperature of which is 
constant, as molten lead. The heat flows from the 
molten lead along the bar, which gets hotter and 
hotter ; but in course of time it is found that the bar 
is as hot as it can get ; when the bar is in this state, 
whatever heat flows along it from the lead is removed 
hjr the surrounding air. Now the \)aT \a licA. ^o^^i 
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hot throughout its whole length ; at a certain distance 
from the lead it has the same temperature as the sur- 
rounding air, and as we proceed along the bar to the 
lead we find that it becomes hotter ; but if we proceed 
along the bar away from the lead we find that the bar 
has the same temperature as the air. Now that point 
in the bar which is nearest to the lead, and has the 
same temperature as the air, is much more distant 
from the lead in a good than in a bad conductor. In 
this way it is found that, of all solids, metals are the 
best conductors ; and the order of conductivity for a 
few important metals, beginning with the best con- 
ductors, is — silver, copper, gold, brass, tin, iron, steel, 
lead, platinum, and bismuth. Next after metals come 
the dense varieties of carbon — diamond, graphite, gas 
carbon, &c. Wood is an inferior conductor; it con- 
ducts heat better in the direction of its fibres than 
across its fibres, but this difference is less marked in 
the dense kinds of wood than in the soft varieties. 
Articles of clothing, flannel, feathers, eiderdown, &c., 
are very bad conductors of heat ; hence their use — they 
do not carry away the heat of the body. For the same 
reason flannel is much used in the preservation of ice, 
for the heat of the atmosphere cannot penetrate the 
flannel in which the ice is enclosed. Certain crystals 
have a remarkable behaviour towards heat. In order 
to ascertain how crystals conduct heat, a slice of the 
crystal is covered with wax, and a wire, which is kept 
at a fixed temperature by means of a voltaic battery, is 
passed through a hole in the centre of the slice. The 
conduction of the heat is rendered visible by the melt- 
iDg of the wax. Now, if ttie crjst«\ ^iowixjicted heat 
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equally in all directions, the melted wax would form a 
circle round the wire ; but this is not the case : the con- 
ductivity of the crystal is greater in one direction than 
in the other, and the figure described by the melted 
wax around the wire is like a somewhat elongated 
circle — an ellipse. 
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EXPANSION OF LIQUIDS. 

We pass on now to liquids ; which, when heated, in- 
crease in bulk far more than solids do. As with solids, 
so also with liquids, each has its own peculiar rate of 
expansion — a specific expansibility ; thus alcohol is 
more expansible than water. To determine the ex- 
pansibility of a liquid, however, appears from the 
following considerations, to be a very difficult problem. 
Liquids, in order to be examined, must be contained 
in a vessel of some description, e.g. a glass vessel. 

Now the liquid cannot be 
heated without the vessel 
being heated also, and there- 
fore the vessel as well as the 
liquid expands. To make 
this point clearer, let a b do 
(Fig. 10) represent the 
glass vessel filled with liquid 
up to the level Jc L The ves- 
sel is graduated into cubic 
centimetres, as at 1, 2, and 
8. There are 4 cubic centi- 
metres of liquid in the vessel 
Fig. 10. when the vesselisatthefreez- 




APPARENT EXPANSION OF LIQUIDS. 31 

ing temperature of water. Now, if we raise the liquid 
to the boiling temperature of water, we must do the 
same with the vessel at the same time. Let us suppose 
it possible to heat first the vessel and then the liquid. 
If the yessel is heated it expands, say to ah d c, and 
the level of the liquid consequently falls from h I ix) 
f I, so that the two spaces / o and i d are together 
equal to the space k h. The liquid appears to have a 
less bulk than before; it appears to occupy a little 
more than 3J cubic centimetres. If the liquid is now 
heated, it expands, and the level rises from /t to m n, 
and appears to occupy about 4^ cubic centimetres. 
Now, as the vessel and the liquid cannot be heated 
separately, all the expansion undergone by the liquid, 
that is apparent, is from the level kl to the level m n — 
from 4 cubic centimetres to 4 J cubic centimetres ; the 
apparent expansion of the liquid is therefore ^ cubic 
centimetre. But the real expansion of the liquid is 
much more than this ; it is ^ cubic centimetre together 
with the expansion due to the glass vessel ; and, as we 
shall afterwards show, there is no method by which we 
can ascertain the expansion due to the glass vessel 
without previously knowing the real expansion of the 
liquid. If by any means we can find the real expansion 
of the liquid, we have only to deduct from that the ap- 
parent expansion of the liquid in any vessel, and the 
remainder will be the expansion of the vessel used. 
That the vessel containing the liquid does indeed ex- 
pand, and vitiate the result of our observations, is 
proved by the following experiment : — A glass flask, 
completely filled with a coloured liquid, is provided 
with a tightly-fitting cork, through "whiftk ^«&^^^ «. 
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• 

tube that also contains some o^the coloured liquid ; the/ 
upper level of the liquid in the tube is marked by^ 
small indiarubber ring. Now, if the flask is suddenly 
plunged into boiling water, the flask is heated and ex- 
pands before the liquid within it is much aflected ; and 
consequently the level of the liquid in the tube falls 
considerably. But, if the flask is retained in the boiling 
water, the level of the liquid gradually rises, and at last 
remains stationary at some distance above its former 
level as marked by the indiarubber ring. This final 
level is now marked by another ring, the flask is re- 
moved from the boiling water, and is cooled* down to its 
former temperature, the level of the liquid being then at 
the indiarubber ring that was first put on. If the flask 
is now put into cold water, and the latter is gradually 
heated up to the boiling point, the flask and the liquid 
in it are heated and expand together, so that the 
level of the liquid does not fall below the indiarubber 
ring at all, but gradually rises until, when at the boil- 
ing temperature, it stands level with the indiarubber 
ring last put on. The distance between the two india- 
rubber rings marks the apparent expansion of the 
liquid. The absolute expansion of the liquid is the 
apparent expansion of it together with another quantity 
as yet unknown, (See Fig. 21.) 

The Mercurial Thermometer, the one in common use, 
is the most important instrument that we have to 
describe in speaking of the expansibility of liquids. A 

* If it be cooled suddenly by being immersed in cold water, an 
effect, will be produced whicli is the exact opposite of that pro- 
duced by immersing the instrument when cold in boiling water ; 
the glasB will contract first and foroe tlQ.e coVuxcm. oi ILc^d still 
higher in the tr>i^^ 
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Nglass capillary tube, i.e. one of very small bore, is 
s^^ted, about half as long again as the thermometer is 
intended to be. The bore is sometimes circular ; but 
sometimes flat, so that a liquid contained in the tube 
can be seen only when the tube is so held that the 
broad flat bore faces you. But, of whateyer shape the 
bore is, it will shortly be seen that it must be regular 
throughout, that is, not broad at one part and drawn 
out very fine at another. To ascertain whether the 
bore is regular or not, about 1 centimetre length of 
the tube is filled with mercury, and this mercury is 
then moved up and down the tube, the length of the 
column being accurately measured by means of a mi- 
croscope in every new position. If the bore is regular, 
the column of mercury will measure 1 centimetre in 
all positions; but, if the bore becomes narrower, it 
will measure i^ore than 1 centimetre ; if broader, 
less than 1 centimetre ; and allowance has to be made 
for any such inaccuracy in the bore. This process is 
called calibration of the tube. The end, a, of the 
tube is now melted in the blow- pipe flame, and a bulb 
of the requisite shape is blown. For chemical and 
physical research, the form of bulb most generally 
useful is represented in Fig. 11 ; but a globular bulb is 




Fig. 11. 
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the common one for thermometers made for domestic 
purposes. The thermometer is to be of a certain 
length, say a o. Beyond c blow another bulb, larger 
than the first. The mercury is now introduced into 
this instrument in the following way : — The bulb a is 
heated in a lamp, by which means a great deal of the 
air is expelled from the apparatus, and the open end, 
D, of the tube is immediately placed under pure dry 
mercury ; as the air cools inside the tube, it contracts, 
and the mercury is forced up by the pressure of the 
external air into b, which becomes about half full. 
This is one reason why the bulb b was blown ; for if 
there had been no such bulb, the mercury would have 
at once risen into a, while the latter was still very 
hot, and this might cause the instrument to crack. As 
soon as a is cold, the tube is removed from the vessel 
of mercury, and is held vertically, d pointing upwards. 
A is again heated and the air in it expands, and par- 
tially escapes through the mercury in b, but cannot 
return ; so that when a is allowed to cool the mercury 
in B is forced down into a; but still a little air 
remains in a ; by successively warming and cooling it, 
the whole of it can be expelled, and a, the capillary 
tube, and a part of B, are thus filled with the liquid. 
The mercury is now boiled by holding a over a fiame ; 
this is to expel the air which is contained not only in 
the tube but also in the mercury, just as we find air in 
water ; also any moisture that may be in the apparatus 
is expelled at the same time. "When the operator is of 
opinion that these two impurities have been expelled, 
he applies a flame to d, so as to heat it, and while the 
mercury is still boiling,- and the mercury vapour is still 
passing out at d, a piece of wax is i^xea^^^ «b^^vDk&\. \i^ 
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and the tube is immediately withdrawn from the flame. 
The mercury stops boiling and the melted wax solidifies 
in the bore, thus preventing air from entering* If 
there is more mercury in the tube than is required, a 
part of it is emptied into b by heating the mercury, 
and holding the tube in a somewhat inclined position, 
so that the mercury falls into b, but cannot return 
with the rest of the mercury when the latter, on cool- 
ing, recedes. The bulb b is then drawn off by fusing 
the tube at o in the blow-pipe. 

The instrument is now in a condition to indicate 
temperatures. When the mercury is at the tempera- 
ture of the air, it stands at a certain height in the 
capillary tube; if it is made hotter, it rises in the 
tube ; if colder, it falls in the tube ; but so long as the 
temperature remains constant the height of the 
mercury is likewise constant. One thing, however, 
has to be carefully remembered and fully appreciated, 
namely, that the bulb, which has been strongly heated, 
even fused, does not contract to its full extent until 
some few weeks have elapsed ; the atmosphere presses 
on the bulb with a force of about 103*3 kilogrammes 
on the square decimetre, and consequently the capacity 
of the bulb diminishes slightly after the instrument is 
made. This diminution in the capacity of the bulb 
causes the level of the mercury to rise a little in the 
stem during the first few weeks ; but, after this, the bulb 
has been compressed by the atmosphere about as much 
as it can be. 

As yet, however, the instrument is of no great prac- 
tical use as an indicator of temperatures, for we have no 
means of recording its indications, ot ^^eti oi ^cstwsi'^ 
anyddea o/ tlieir relative values . "W^ TKa^\*V^^^ ^ 
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point to start from, and the point that may suggest 
itself to the student is the freezing temperature of 
water, or the melting point of ice, for, under ordinary 
conditions, these two temperatures are one and the 
same. The starting point, then, is found in the fol- 
lowing way. After the thermometer has been kept for 
a few weeks for the above-mentioned reasons, it is 
immersed, upright, in melting snow or pounded ice, 
the water that melts being allowed to drain off. The 
mercurial column falls in the tube, and care must be 
taken that the whole of the column is immersed in the 
ice, otherwise the portion not immersed would not be 
precisely at the freezing temperature of water, but some- 
what above that temperature. As soon as the mercury 
has ceased to fall in the tube, which is about half an 
hour after immersion, its height in the tube is marked 
on the glass by means of a diamond. If the tube were 
not placed upright, but horizontally, in the ice, the 
mercury would not fall quite so low in the tube, because 
it would not be subjected to its own pressure in the 
direction of the tube. 

We have now the starting point; but a little thought 
will enable the student to see that even this, by itself, is 
not sufficient. With one point, our only means of 
recording the temperatures indicated would be to say 
that the mercury rose to, say, 1 centimetre above the 
freezing point of water; but, if the bore was very 
narrow indeed, this temperature would be very slightly 
above the starting point; if very broad, it might 
indicate a very high temperature. The statement — 1 
centimetre above the freezing point of water — would be 
absolately mthont any meamng, aa it might stand for 
anj- temperature at which mexcurj ewx «»sX va. ^^ 



OBADCA-riON OF THE THERUOIIETBB. 87 

liquid state. If, however, we have another point on 
the capillar^ tnbe, we sball be able to record the indi- 
oataons of the thermometer in a very precise i 
and the etatements with regard to < 
will be trae of all others that are made with mercury 
and the same kind of glass. Thia second point is the 
boiling temperature of water under ordinary conditions, 
or, which is the same thing, the condenging temperature 
of steam. The thermometer is held npright in the 
steam of pare water that is boiling in a metallic vessel 
(Fig. 11 a) under an 
atmospheric pressure of 
'76 metre of mercury ; 
the neck of the vessel, 
in which the water is 
boiled, is provided with a 
cylindrical cover having 
a wide opening at a ; 
the thermometer passes 
through a cork which fite 
tightly inte the cover. 
The course of the steam 
is indicated by the ar- 
rows, and it is clear that 
the cover is for the pur- 
pose of preventing the 
comparatively cold air 
from sfiecting the mer- 
cnrial column. When the mercury has ceased to rise, 
the tube is drawn through the cork until its upper level 
is visible ; a mark is instantly made on the tube at this 
point, and the (herraometer is lemoiei t[0"ni "OBft Wjj^»i- 




Fig. 11 A. 



38 THBRMOMETRIG SCALES. 

Now, whenever this thermometer is immersed in 
freezing water, the mercury falls to the first point 
marked on the tube ; and, whenever it is immersed in 
the steam of boiling water, the mercury rises to the 
point last made. Pure water always freezes at the 
same temperature, and it always boils at the same tem- 
perature, if other conditions, such as the pressure of 
the air, are the same. This is one reason why these 
two points are fixed upon as starting points ; another 
reason is that water is very easily obtained in a per- 
fectly pure state. The interval between these two 
points has now to be divided into a certain number of 
equal parts, called degrees. The melting point of ice 
(or the freezing point of water, often called for the sake 
of brevity " freezing point ") is spoken of as zero, or 
nought degree, written thus, 0® ; and, as we divide the 
interval into 100 equal parts, the condensing point of 
steam (or the boiling point of water, often called for 
the sake of brevity " boiling point ") is 100®, ue. 100 
degrees. As there are 100 degrees, or grades, between 
the two fixed points, the thermometer when thus gra- 
duated is called the Centigrade thermometer. Any 
temperature below 0°, say 5 degrees below 0®, is 
marked thus, — 5°. The ordinary temperature of the 
air is from 15° to 16°. This mode of graduating the 
thermometric scale was originated by Celsius, of Upsal, 
about 1740 ; it is employed in France, and in the 
great majority of scientific works. The choice of 
numbers for the two starting points is evidently a 
matter of convenience, not of necessity, and we might 
call them by other numbers. Such, indeed, was done in 
tAe earljr part of the eighteentlQ. eenturj \i^ DMikl G. 
Fabrenbeit (d. 1740), who called t^ie iteeTMi^ ^o\sx\. ^\ 
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water 32', and the boiling point SIS", thuB diTiding 
the interval into 180 equal psrts (212—32) ; and 
again, about the same time by Heaumnr (1683 — 1757), 
whose numbers for theae points were 0° and 80" respeo- 
tirely. These scales, in order to distinguish them, are 
named after their originators, and each degree is gene- 
rall]r followed by the Initial letter of the originator's 
name, thns : — 



0°C 100*0. on the Centigrade scale 

O-B 80-R. , , Reaumur , , 

32'F 212°F. „ Fahrenheit „ 

The interral between the two starting points is eri- 
dently quite independent of its subdiyision ; it is the 
same on the three scales, bat it is subdivided differently ' 
on each. On the Centigrade 
scale (Fig. 12) it is divided 
into 100 equal parts ; on the 
'^ B4anmur scale into SO equal 
parts; and on the Fahrenheit 
scale into 180 equal parts. 
In short, 100 Centigrade parts, 
or divisions, are equal to 80 
- Reaumur divisions, or to 180 
Fahrenheit divisions ; and this 
connection, therefore, subsists 
between the three scales. It 
is often necessary to remem- 
ber this simple connection, and 
to make use of it. It is of the 
greatest im^ortttaui ^a Vasvs 
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number of degrees on any scale; thus, lO^C. means 10 
Centigrade divisions above tbe freezing point of water, 
— 10**C. means 10 Centigrade divisions below it ; 52*'F. 
means 20 Fahrenheit divisions above it, 20°F. means 
12 Fahrenheit divisions below it, and so on. 

The ordinary temperature of the air is 15®C.; what 
is this degree as expressed upon the Eeaumur scale ? 
Now, 15°C. means a point above the freezing point of 
water and distant from it by 15 Centigrade divisions ; 

bnt 100 Centigrade divisions =80 Beanmnr divisions 

• • •»■ >» f> " ft 

.-. 15 „ „ =-8X15 

=12 

Therefore 15°C. is represented by a degree on the 
Eeaumur scale that is 12 Eeaumur divisions above the 
freezing point of water, or by 12°E. 

To find the equivalent of 12°E. on the Fahrenheit 
scale, we proceed as follows : — 

*.' 80 Beanmnr divisions = 180 Fahrenheit divisions 
.-. 12 „ „ =2-25X12 

or 27 Fahrenheit divisions. Hence 12°E. is equivalent 
to 27 Fahrenheit divisions above the freezing point of 
water (32°F.) : the answer is, therefore, 32 + 27, or 
59°F. 

To find — 5°C. on the Fahrenheit scale, we must find 
what Fahrenheit degree is as much below 32®F. as 
— 5°0. is below O^'C. Since 100 Centigrade divisions are 
equal to 180 Fahrenheit divisions, 5 Centigrade divisions 
are equal to 9 Fahrenheit divisions; and hence the 
answer J8 32—9, or 23"F. 
lYnd tbe egiuValent of — 81°F. on. .^^ Oevs^X^t^^^ 
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scale. Now, — 31°F. means 63 Fahrenheit divisions 
below freezing point of water, or 7 times 5 Centigrade 
divisions below it ; the answer is therefore — 35°C. 

Find 98^*0. on the Fahrenheit scale. Now, 98^0. is 
2 Centigrade divisions, or 3*6 Fahrenheit divisions be- 
low the boiling point of water ; the answer is therefore 
212—3-6, or208-4«F. 



Examples on the Thermometrio Scales. 

1. Find— 40°C., — 10°C., and 250'»C. on the Reau- 
mur and Fahrenheit Scales. — Ana. — 32''R,, — 8°R., 
200«R. ; — 40°F., 14^F., 482«F. 

2. Find — 2(y»F., 2(rF., and 120**^, on the Reaumur 
and Centigrade scales.— ^tw. — 23°R., — 6-3'*R., SO'^R.; 
— 28-9«C., — 6.7»C., 48-9°C. 

3. If, on a certain scale, O^'C. is denoted by the 
number 15*, and 100°C. by the number 120% what 
numbers on this scale will denote 5°C., 10°F., 15°R., 
— 20°C., — 30°F., 60°F., and — 40°R. respectively? 
Ans. 20-3% 2-2% 34-7°, —6% —21-2% 31 -3% — 37•5^ 

4. If, on a certain scale, — 3'*F. is denoted by — 17", 
and 1**F. by — 12°, what numbers on this scale will de- 
note -«3°C., 60°R. and 40°F. ? Also, what will be the 
freezing point and what the boiling point of water on 
this scale?— ^w«. 20% 195-5% 36-8% 26-8% 251-8°. 

There are several circumstances that render mercury 
particularly suitable for l^ermometrical purposes; 
amongst which we may here mention that it does not 
wet glass — i.e, when the mercury falls in the tube, par- 
tioles of mercury do not adhere to ttv^ tvib^ %K!Ax^\ss»Ma. 
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behind as water does. This non-adhesion to glass is 
accounted for by the fact that the different particles of 
mercury cohere with much greater force than that with 
which mercury adheres to glass ; it accounts for the 
meniscus in the mercurial barometric column. Again, 
mercury, like other metals, is a remarkably good con- 
ductor of heat ; for this reason it feels very cold to 
the hand when touched ; hence, when heat is imparted 
to one portion of it, the whole becomes uniformly heated. 
Thirdly, mercury is liquid at all ordinary tempera- 
tures ; it freezes a little above — 40**O., and boils at 
350°C. There are several other advantages possessed 
by the mercurial thermometer, which will be noticed 
when they will be understood. With all these circum- 
stances in favour of the use of mercury, it is fortunate 
that the, metal can be easily obtained in a pure state. 

But, for certain purposes, the mercurial thermometer 
is utterly useless ; for these purposes we have to use 
special kinds of thermometers. For example, the 
Spirit Thermometer, which is made in exactly the same 
way as the mercurial thermometer, is used for tempe- 
ratures below — 35°C. It is next to useless for high 
temperatures, as alcohol, the liquid contained in the 
tube, boils below 80°C. ; but it is very serviceable for low 
temperatures, since it has never been frozen into a solid, 
whereas mercury freezes at — 40®C. 

Self-registering, or register thermometers are so 
constructed that they will indicate the highest or the 
lowest temperature attained by the thermometer during 
any given time, e,g. during the night. Such ther- 
mometers are employed when we wish to ascertain 
tlie temperature of water at great dei^ths beiveath the 
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surface. Hntlierford's maximum thermometer has the 
shape given it in Fig. 13. A is a piece of steel that 
has heen carried forward by the mercury, and has been 
left behind on the temperature falling. The end of a 
nearest the bulb marks the maximum temperature. 
The action of this instrument depends upon the fact 
that mercury does not wet steel ; consequently when 
the mercury advances, it drives the steel before it. 
Rutherford's minimum thermometer has the same shape 
as the preceding, but it contains alcohol in the place of 
mercury, and a small rod of ivory, b, instead of one of 
steel. Alcohol adheres with great force to ivory; 
therefore, as the alcohol recedes in the stem, it carries 





Fig. 18. 

the ivory along with it; but, when the temperature 
becomes higher, the alcohol advances and leaves the 
ivory where it is. Hence that end of b which is 
furthest from the bulb indicates the lowest temperature 
attained by the thermometer. The steel and the ivory 
are replaced by agitation. 

In future, all temperatures will be given on the 
Centigrade scale, unless the contrary is stated. 

The immediate consequence of a liquid expanding is 
that its relatiye weight dimimsh^a* "Fox \a&t«asA^ if 
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1 litre of a liquid at 0° weighed 3 kilogrammes, and 
if this litre were heated to such a temperature that its 
volume became doubled, we should have, at this higher 
temperature, 2 litres weighing 3 kilogrammes — the 
same absolute weight as before, but double the vo- 
lume, for heat does not destroy or in any way influ- 
ence absolute weight. But the liquid at this higher 
temperature, though weighing exactly the same as at 
0®, would still be relatively lighter; 2 litres would 
weigh 3 kilogrammes, and therefore 1 litre would 
weigh 1 J kilograinmes ; whereas 1 litre at 0** weighed 
3 kilogrammes. The liquid at the higher temperature 
is, hulk for bulk, lighter than the same liquid at (f. 
We see that the volume of the liquid has been doubled, 
and the relative weight halved ; if the volume had 
been trebled, the relative weight would have been J of 
the relative weight at 0®. If anything is completely 
immersed in water, it depends entirely upon its relative 
weight whether the thing sinks, floats, or remains where 
it is. If, as in the case of iron, its relative weight is 
greater than that of water, — i.e. if 1 cubic centimetre 
of it weighs more than 1 cubic centimetre of water at 
the same temperature — it is said to be heavier than 
water, by which is meant that any bulk of it is heavier 
than an equal bulk of water, and it will sink ; if, on the 
other hand, as in the case of ice or common oil, its rela- 
tive weight is less than that of water — 1 cubic centimetre 
of it weighing less than 1 cubic centimetre of water 
at the same temperature — it will rise to the surface and 
float. When heat is applied from below to a liquid 
contained in a large flask, this process of rising to the 
surface takes place, and can \^ T^ndeT^d «^dd«nt by 
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addii^ eome cochineal powder to the liquid. The 
Uqnid at the bottom of the flask becomes heated, 
expands, and consequently its relative weight becomes 
less than that of the liquid above it, through which, 
therefore, it rises as oil rises through water, and its 
place is sopplied by the cold water from the surface. 
This process is evidently a continnooB one until the 
whole of the liquid is at the same temperatnre, and 
the accompanying diagram (E^g. 14} represents the 
_ currents of liquid particles 

produced. The whole balk 
of the liquid becomes 
heated, not by condnctioa, 
bnt through the agency of 
liquid particles that are 
themselves heated. The 
heat is distributed by being 
conveyed from one part of 
the liquid to another by 
heated particles ; this pro- 
cess is therefore called 
convection of heat, and it 
mainly by convection 
that liquids become heated 
"' ' through their entire bulk 

when heat is appUed to one portion of them. To prove 
that liquids have but little tendency to conduct heat, 
we must heat the liquid, not from below, but from 
above. A test tube, ^ths filled with water, is placed 
above a lamp, so that the flame heats only the upper 
portion of the water ; the water at the surface can be 
easily raised to near the boiling pointy while that at 
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Fig. 16. 



the bottom of the test tube is 
scarcely affected. If two delicate 
thermometers, a and b, are placed 
in a Hope's apparatus (Fig. 15), 
filled with water, and the tray o 
is filled with lumps of hot coal, 
the upper thermometer will indi- 
cate that its temperature has been 
raised long before the lower 
one undergoes any perceptible 
change. Mercury is an exception to what has just 
been said ; like other metals, it is a good conductor 

of heat, and hence we 
must not use mercury 
in order to prove that 
liquids are usually bad 
conductors. The convec- 
tion of heat by liquids is 
employed on a large scale 
as a means for warming 
houses, hospitals, &c. 

Figure 16 will show 

the general arrangement 

adopted. A large boiler 

(a) in the lower storey of 

the house is connected 

with pipes that branch in 

the suitable directions 

upwards, and surround 

Fig. 16. the rooms to be warmed. 

At the top of the house, the pipes are either closed 

or open into a cistern. The 'wYioVe «txMi^«tttftXit vs 
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filled with water, which, when heated at a, takes the 
coarse indicated by the arrows, and, having imparted 
heat to the rooms around which it circalates, it returns 
to the boiler, where it is again heated. The same 
phenomenon can be exhibited on a small scale in the 
following manner : — A rectangle of glass tube, a b c d 
(Fig. 17) is obtained, and a heavy coloured liquid is 
poured into it at b, so as to fill the shaded part, b c ; 
by careful manipulation, the rest of the tube can be 
filled with water without disturbing the coloured liquid 
to any very great extent, e is now closed by meaiis 
of, a cork, and heat is applied at f. After a few 
seconds, the whole liquid begins to circulate round the 
rectangle, and the heavy-coloured liquid rises from 
c to D, and gradually mixes with the water. After a 
short interval, if the hand is passed along the tube, 





Fig. 17. 



Fig. 18. 
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from p to D, from d to a, and so on, the tube will be 
fonnd to be very hot at p, and to get colder and colder 
as we pass in the direction of the liquid current, until, 
at c, the tube is scarcely warmer than it was before 
the heat was applied. 

Cooling a liquid at its surface has practically the 
same effect as heating it from beneath. The surface 
water of a lake in cold weather contracts and conse- 
quently sinks through the warmer and relatively lighter 
particles of water that are beneath the surface. A 
stream of heavy liquid particles may be seen to fall 
from a piece of ice floating in tepid water. 

The effect of temperature upon a barometer can now be 
easily understood. A barometer is an instrument for 
determining the weight or pressure of the atmosphere. 
In order to render the principle of this instrument the 
more clear, suppose a tube (Fig. 18) — the sectional 
area of which is square — to be completely filled with 
mercury, h stands for the cross section of the tube at 
any pftrt, and we will suppose its area to be 1 square 
centimetre ; a c is about 1 metre long, and is closed 
at A, and e d about 1 decimetre long, and open at e. 
But, when the tube is placed as in the figure, it does 
not remain full of mercury ; the mercury falls from a 
to a point p about 7*6 decimetres above the level (b) 
of the liquid in e, and a quantity of mercury conse- 
quently flows out of the tube at e. The portion of the 
tube now occupied by the mercury is p c d b. The 
mercury in e d balances or supports the mercury in 
B ; but the mercury in p b is balanced by the pres- 
sure or weight of the atmosphere. The barometer is 
Dotbing more than a balance txxxiv'&d, ^% It were^ upside 
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down ; the equal arms of the balance are acted npon by 
the weight of the atmosphere and the weight of the 
mercury ; and, as these two weights balance each other, 

they must be equal 
* (Fig. 19). Now by 

the weight of the at- 
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Fig. 19. 



Weipht of 
Mercury. 



mosphere in this case 
we mean the weight 
of a column of air 1 
square centimetre in 
sectional area and ex- 
tending from the level 
B E to the upmost limit 
of the atmosphere (70 
or SOkilometres high). 
Such a column of air is pressing upon the mercury at e, 
and this pressure supports a similar column of mercury 
7*6 decimetres or 76 centimetres high. The weight of 
the air column is equal to the weight of the mercury 
column. Now a column of mercury, 76 centimetres 
high and 1 square centimetre across, measures in all 
76 cubic centimetres; and each cubic centimetre of 
mercury at 0" weighs 13*596 grammes ; therefore the 
whole column weighs (13*596 x 76) or 1033*3 grammes 
or 1*0333 kilogramme. Hence the weight of the 
column of air 1 square centimetre across is also 1 '0333 
kilogramme ; in other words, the pressure of the air 
on the square centimetre is 1*0333 kilogramme. The 
mercury is not always at the same height in the tube 
A o, partly because the air does not always press with 
the same force ; but we will not at present concern our- 
selyes mth ranationa of atmosphenc igtctsswxe. Let us 
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suppose that the air continues to exert a pressure of 
1*0333 kilogramme on the square centimetre. 

It will be observed that we have been compelled to 
consider the temperature of the mercury, for at no other 
temperature than 0" does 1 cubic centimetre of mer- 
cury weigh 13 '596 grammes. Mercury expands when 
heated, becomes relatively lighter, and consequently 1 
cubic centimetre of mercury weighs less at 15** than at 
0"; and therefore a higher column of mercury is 
required to balance the atmospheric pressure at 15° 
than at 0**. The same end cannot be attained by 
making the tube a c broader, say 2 square centimetres 
across ; for 76 centimetres height of mercury at 0"* in 
such a tube would weigh twice 1*0333 kilogramme, 
and hence the pressure on the square centimetre would 
not be doubled but would remain the same ; in fact, the 
whole tube a c d e may vary as much as we please 

in cross section, and still the 
mercury will remain at the 
same height, if only the 
atmospheric pressure remains 
constant and the temperature 
remains the same. But if the 
temperature rises, the mercu- 
rial column also rises ; if the 
temperature falls, the mercurial 
column also falls. 

This can be proved by means 
of the rectangle of glass tube 
above mentioned. Part of the 
coloured liquid is poured out of 
the tube, so that what remains 




Fig. 19a. 
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shall occupy a portion i b o k of the tube (Fig. 19a). 
I and K are at the same level in whatever position we 
hold the tube ; and, if the part c d of the tube is twice 
as broad across as the part a b, we know that the liquid 
in the broad part will rise as high as that in the narrow 
part. Now, if the liquid is heated at f, we know by 
the previous experiment that practically only the part f k 
of the liquid becomes heated, while the rest of the liquid 
remains at very nearly the same temperature ; as f k 
becomes hotter, the liquid is observed to rise above the 
level I K to a certain point, say h, when it begins to 
boil ; but the liquid in a b is at very nearly the same 
temperature as before, and has not undergone any per- 
ceptible change of level. Hence the weight of liquid, 
I B, remains practically constant throughout the experi- 
ment, and balances the liquid in the other leg ; hence 
the weight of the liquid in this latter leg also is constant 
throughout, although the height of the liquid varies 
with the temperature. Now it is clear that the cold 
liquid is relatively as much heavier than the hot liquid 
as the column of the hot liquid is higher than the 
column of the cold liquid ; for instance, if the hot liquid 
column is 1 metre high, and the cold liquid column 
only *5 metre high, the bulk of cold liquid weighs the 
same as twice the bulk of hot liquid, i.e. weighs twice 
as much as an equal bulk of the hot liquid ; in other 
words, the cold liquid is relatively twice as heavy as the 
hot liquid. If the cold liquid is '5 metre high and the 

•51 
hot liquid '51 metre high, the hot liquid is — or 102 

'o 

times higher than the cold liquid, and therefore the 

cold liquid is 1-02 times heavier than the hot llo^vjid. 

If we keep the cold liquid at some fixei \j&Ta^^x^XNi^^'^> 
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say 0**, we can in this way find out how much h 

it is than the same liquid at higher temperatures 

for example, we had two barometers, one of whic 

kept at 0*^ and the other at some higher tempera 

and if we observed that the mercury in the cold 

meter was '78 metre high, while that in th( 

•762 
barometer was '762 metre high (i.e, -^^^ or l'( 

times higher than the cold mercury) — ^we should a1 
know that the cold mercury was 1*00263 times h 
than the hot mercury. Observations of this kind 
been made by Dulong and Petit, and afterwards 
accurately by Eegnault (b, 1810) ; but, as Dulon 
Petit's method is the simpler to understand, w 
confine ourselves to that alone. 

Instead of two barometers, Dulong and Petit i 

sort of double baroi 
'^ '"^ Kj D represented in Fi^ 

one leg of which wai 
at 0° by means of j 
filled "with ice, whi 
other leg was heat 
to some known ten 
ture by a hot oil 
The apparatus wj 
arranged that the 
levels of the m< 
could be just see 
would not do to ha 
upper levels too far out of their respective 
since the portions outside the baths are not at e 
tAe same temperatures as t\iose ms\^^ >iXi^ 




Fig. 20. 
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The heights of the columns were observed through a 

sort of telescope called a Cathetometer, The utmost 

accuracy is required in these observations, since the 

difference between the levels in the two tubes is not 

great, and a small inaccuracy in the observations of the 

heights makes a very great difference in the relative 

weights deduced from those heights. For instance, if 

the height a b is '253 metre and the height d c is made 

out to be *256 instead of *2555, we deduce from this 

•256 
that the cold mercury is -^^ or 1 '011858 times heavier, 

•2555 
instead of -rrvir or 1*013834 times heavier than the 
•253 

cold mercury. By this method it was found that, if a b 
is 1 decimetre high at 0**, do is 1*018153 decimetre 
high at 100°, I.e. 1*018153 times higher. Hence mer- 
cury at 100° is 1*018153 times lighter than mercury 
at 0°, bulk for bulk. Now a cubic centimetre of mer- 
cury at 0° is known to weigh 13*596 grammes, and 

13*596 
1-018153 times lighter than this is , ' o,ro or 

° 1*018153 

13^35359 grammes, which is therefore the weight of 1 

cubic centimetre of mercury at 100°. In other words, 

the relative weight of mercury at 0° being 13*596, the 

relative weight at 100° is 13*35359 nearly. 

If we were to take 1 cubic centimetre of mercury at 

0*, i.e. 13*596 grammes of it, and heat it to 100°, it 

would expand to a certain, and as yet unknown, extent, 

and all that we are sure of is, that at 1 00° our cubic 

centimetre occupies more than its former volume, i.e. 

more than a cubic centimetre, and that at 100° a cubic 

centimetre weighs 13*35359 gTammea% '&\i\,\)Dkfc ^^i^^R. 

centimetre at 0° has lost no weight \yj \)em^ \kS»Nfc^% 
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hence (13-596 — 13*35359) gramme is the weight of 
whatever bulk it occupies at 100° over and above the 
1 cubic centimetre, which weighs 13*35359 grammes. 
The cubic centimetre at 0° has expanded to a cubic 
centimetre and something else; the former weighs 
13*35359 grammes, the latter -24241 gramme ; hence 
we can find what increase of Volume the mercury has 
undergone : — 

Since 13*35359 grammes is the weight of 1 cub. cent, of mercnry 

at 100° 



1 gramme 

and -24241 



1 



13-35359 " 
-24^4] 



}} 



13-35359 " 
= -018153 



}} }} 



That is, 1 cubic centimetre of mercury at 0° expands when 
heated to 100° by '018153 cubic centimetre, and any 
volume of mercury at 0° (as 1 litre) expands when heated 
to 100° by -018153 of that volume (as -018153 litre). 
This result, it will be seen, has been deduced from 
observations which are wholly independent of the ex- 
pansion of the containing vessels ; and this, therefore, is 
the solution of the problem set forth at the commence- 
ment of this chapter, namely, the determination of the 
absolute expansion of a liquid. 

The amount of expansion undergone by the mercury 
can be deduced much more simply than in the way 
shown above. Suppose a b to be 1 square centimetre 
across and 1 decimetre or 10 centimetres high at 0° ; 
then the liquid occupies at 0° a volume of 10 cubic 
centimetres. The same weight of liquid at 100° 
occupies a volume of 10-1815S cnbic <i«Ti\Am^\7c^^, \i -q c 
js sappof!^f1 ^^ be 1 square centim^tTe wsco«&, \ya \X% 
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height is observed to be 1 '0181 53 decimetre or 
10' 181 53 centimetres. That is, the 10 cubic centimetres 
expand by '18153, orl cubic centimetre expands by the 
tenth part of '18153 or '018153 of a cubic centimetre. 
The absolute expansion of mercury has been deter- 
mined not only between 0° and 100°, but also between 0° 
and many other temperatures, and the following table 
shows some of the results obtained : — 

1 cubic centimetre of mercury at 0° 



becomes 1*001792 cub 


. cent. 


n 


10° 


1 '003590 


91 


n 


20° 


1-005393 


») 


>» 


30° 


1 '007201 


»> 


)> 


40° 


1 '009013 


n 


)> 


50° 


1-010831 


n 


n 


60° 


1-012655 


n 


>> 


70° 


1-014482 


n 


>) 


80° 


1-016315 


>» 


n 


90° 


1-018153 


n 


n 


100° 


1-036811 


)) 


>» 


200° 


1-055973 


j> 


n 


300° 


1-065743 


»» 


n 


350° 



The amount of expansion for 10 Centigrade degrees 
is '001792, and hence the mean or average expansion 
between 0° and 10° is -0001792, or the tenth part of 
•001792. In the same way the average expansion 
between 0° and 20° is 1 -20th of -00359 or '0001795, 
„ 0° and 30° is l-30th of -005393 or -00017976, 
and so on. By this we see clearly that mercury does 
not expand so much from 0* to 1° as from 1° to 2° ; in 
fact that the rate of expansion gets faster and faster as 
the temperature rises. The average rate of expansion 
between 0"" and 20'' is '0001795, Wi \>^\?«^«tL ^^ «xv\ 
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100* it is -00018153. Now the amount by which any 
volume of a liquid expands when heated from 0" to 1"* 
is called the coefficient of expansion of that liquid. The 
average or mean coefficient of expansion of mercury 
between 0° and 10** is -0001792 ; by which is meant 
that 1 cubic centimetre or 1 cubic decimetre, &c., of 
mercury at 0" becomes, when heated to 10°, 1 cubic 
centimetre or 1 cubic decimetre, &c., + ten times 
-0001792 of the volume at 0% i.e. 1-001792 cubic 
centimetre or 1*001792 cubic decimetre, &c. 3 
cubic centimetres at 0°, when heated to 30°, become 
three times as much in volume as 1 cubic centimetre ; 
but 1 cubic centimetre becomes 1 cubic centimetre + 
30 times -00017976 or 1-005393 cubic centimetre, and 
therefore 3 cubic centimetres become three times 
1-005393, i.e. 3-016179 cubic centimetres at 30°. 



Questions on Expansion op Mercury. 

1. Find the mean coefficients of expansion of 
mercury between 0° and 70°, and between 0° and 350° ; 
also between 20° and 30°, and between 50° and 80°, 
and between 100° and 200°.— -4w5. -00018078; 
•00018784; -000179655; -00018067; -00018325. 

2. From the table given above, find the relative 
weight of mercury or the absolute weight of 1 cubic 
centimetre of mercury at 10°, 40°, 80°, and 300°. — Ana. 
13-5717; 13-4988; 13*4019; 12-8753. 

3. Having given the mean coefficient of expansion 
of mercury between 0° and 150° as -00018279, find the 
volume at 150° of 3-6 cubic centimetres of mercury 

measured off at 0". — Ana. -00^7 Utx^ ^erj Ti<ek«tVj* 

given the mean coef&c\en\i ol ^x^v&ssi<(st^ 
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of mercury between 0** and 130** as -00018228, and be- 
tween 0** and 160° as -00018304, find the increase of 
Yolnme undergone by 30 cubic centimetres of mercury 
when heated from 130** to 160°, and the diminution of 
volume undergone by 50 cubic centimetres when cooled 
from 160° to 130°. — Ans, '16 cubic centimetre ; '27 
cubic centimetre. 

5. 1*15 litre of mercury measured off at 0° occupies 
at 220° a volume of 1196*69345 cubic centimetres. De- 
duce from this the mean coefficient of expansion of mer- 
cury between 0° and 220°.— ^ws. -00018456. 

By referring back to the determination of the cubical 
Expansion of solids, it will be seen that the methods 
there described presupposed a knowledge of the abso- 
lute expansion of mercury, or of the relative weight of 
mercury or of some other liquid at different tempera- 
tures. 

The apparent expansion of mercury varies with the 
nature of the vessel used, and is less in proportion as 
the vessel is more expansible ; with glass vessels the 
coefficient of apparent expansion between 0° and 100° is 
about -0001545. As we now know the absolute, as well 
as the apparent expansion of mercury, we can deduce 
the cubical expansion of the containing vessel ; and by 
merely observing the apparent expansion of other liquids 
in this vessel, and correcting for the cubical expansion 
of the vessel, we can at once obtain the absolute ex- 
pansion of the liquids without again having recourse to 
Dulong and Petit' s apparatus. 

Liquids that boil at a low temperature expand more 
rapidly at ordinary temperatures than those which boil 
at a higher temperature ; for example — 
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Mean coefficient of expansion between 0<> and 







10° 


40° 


80° 


Ether boils at 


Ou . . . 


•00152 ..: 


•00667 




Alcohol ... 


78-4° ... 


•00105 ... 


•00440 ... 


•00974 


Water ... 


100» ... 


• ■ • 


•00075 ... 


•00286 


Mercury . . . 


350** ... 


•000179 ... 


•00018 ... 


•00018 



We now see how regularly mercury expands com- 
pared with alcohol, and therefore why mercury is much 
better fitted than- alcohol for ordinary thermometrical 
purposes ; but it must be remembered that the tempera- 
ture is measured, not by the absolute, but by the ap- 
parent expansion of these liquids — by the excess of 
their expansion over that of the glass tube. In the 
above table it is seen that, with other liquids besides 
mercury, the rate of expansion increases with the tem- 
perature. By special methods, liquids can be heated 
to a great distance above their boiling points without 
boiling, and under these circumstances the rate of ex- 
pansion goes on rapidly increasing just as it did below 
the boiling point. 

6. If a barometer stands at 760 millimetres when 
at 0°, what will be the height of the 
column at 20° ? — Ans, *7627 metre. 

7. The height of the mercurial column 
of a barometer is ^761 metre at 10®. Re- 
duce this to 0°. — Ans, 759*6 millimetres. 

An apparatus similar to the one repre- 
sented in Figure 21 can be employed to 
show the behaviour of water with respect 
to heat. A is a flask completely filled with 
pure water ; this Bask is provided with a 
Fig, 21. cork J through which passes ^. ^v^-i^vx^ \x^^\ 
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the water fills this capillary tube to the point h, and 
above this point there are a few drops of a solution 
of iodine in ether, which serves to make the upper level 
of the water visible. The water is now at the ordinary 
temperature of the air ; but, if it is put into a beaker 
and surrounded with snow or i6e, the temperature of 
the water gradually falls, the bulk of the water gradu- 
ally diminishes, and consequently the opaque drops of 
iodine solution are observed to fall in the capillary 
tube. This fall of the water column goes on until the 
temperature of the water is 4° ; but, on still further 
cooling, the water expands, and the iodine solution rises 
in the tube. By special methods, water can be cooled 
below its freezing point ((y*) without passing into the 
solid state, and it is found that it goes on expanding 
from 0° to — 1°, from — 1" to — 2° and so on, just as 
it did from S** to 2% and from 2° to l\ Water is said 
to occupy its least volume at 4**, because it expands and 
occupies a greater volume whether it be heated above 
that temperature or cooled below it. It has been found 
that water expands to very nearly the same extent 
whether it is heated above 4" or cooled below that 
temperature for a certain given number of degrees ; 
thus, if water at 4° is heated to 5°, it expands about as 
much as if it had been cooled to 3*^ ; and the same may 
be said of 6** and 2°, of T and 1% and so on ; but it 
will be seen below that the expansion is rather more 
rapid with diminution than with increase of tempera- 
ture, and that, when cooled below 0°, water expands 
very rapidly indeed. 

The following table will show the bulk at different 
temperatures of 1 cubic centimetre o? ^^t«t txv<^"wsot«1 
off St 4^•— 



60 EXPANSION OF WATER. 

Volume in 
Temperature. Cubic Centimetres. 

— 9** 1-0016311 

— S'* 1-0006987 

—4° 10005619 

— 3« '.. 1-0004222 

— 2« 1-0003077 

— r 1-0002138 

0^ 1-0001269 

V 1-0000730 

2« 10000331. 

3« 1-0000083 

4« 10000000 

5** 1-0000082 

6'* ...;. 1-0000309 

r 1-0000708 

8« 1-0001216 

9** 1-0001879 

10° 10002684 

bO"* 1-01205 

100° 104315 

131° 1-07435 

157° 1-10168 

The weight of 1 cubic centimetre of water at 4° is 1 
gramme ; and, since the relative weights of solids and 
liquids are generally taken at 0°, and compared with 
water at 4°, we never have any difficulty in ^n^ng the 
weight of any bulk of a liquid or of a solid at 0°, pro- 
viding we know its relative weight. For instance, if 
we are told that 13*596 is the relative weight of 
mercury at 0°, we know that 1 6ubic centimetre of 
mercury measured off at 0° weigVia l^-o^^ ^wiomft^^ 
^- ^-^ -")^ times as much as 1 c\v\ac cenVlYaifeVT^ ^1 
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water at 4?, When discussing the cubical expansion of 
solids, we explained a method by means of which we 
could determine the amount of expansion undergone 
for any increase of temperature by ascertaining the 
relative weight of the solid at each temperature. It 
will be seen, on referring back to that chapter, that the 
relative weight was in all cases given with water at 
4* as the standard of comparison. But, since the rela- 
tive weight of a solid at, say, 15° is found by weighing 
it in water, we really find how much heavier it is than 
an equal bulk of water at 15°. Hence, in order to find 
the true relative weight of the solid (i.e, as compared 
with water at 4°), it is necessary to be able to find the 
relative weight of water at different temperatures. 

The relative weight of water at any temperature 
given in the foregoing table can be deduced from the 
data before us. 

Examples on Eelativb Weight of Water. 

1. What is the relative weight of water at 7°? — 
From the table we see that 1*0000708 cubic centimetre 
of water at 7° will contract to 1 cubic centimetre at 4°, 
and will therefore weigh 1 gramme ; hence 1 cubic centi- 
metre at 7° weighs i.AQQAyQQ or -999929 gramme. 

Hence the relative weight of water at 7°, as compared 
with water at 4°, is -999929. 

2. Find the relative weight of water at 1**, 10°, and 
100°.— ^715. -999927 ; -999731; -958634. 

3. What is the weight of 1 litre of water at 10°, 
and of 1-3 litre of water at 5>0n— Aus. ^^^n*?>V 

grammes; i -2845209 kilogiamme. 
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4. At what temperature approximately must water 
be measured oflF in order that 1-1 litre of it shall weigh 
1-099966 kilogramme l—Ans. 2% or T. 

If the relative weight of a solid at 100° (as com- 
pared with water at 100°) is 12, 1 cubic centimetre of 
the solid at 100* weighs twelve times as much as 1 
cubic centimetre of water at 100°, i.e. 12 x '958634, or 
11-503608 grammes; but tbis is the weight of 
11-503608 cubic centimetres of water at 4°, and there- 
fore the true relative weight of the solid at 100°, i.e. 
as compared with water at 4°, is 11*503608. 

5. The relative weight of a solid at 50°, as com- 
pared with water at 50°, is 10. Find its relative 
weight as compared with water at 4°. — Ans. 9 88093. 

6. The relative weight of a solid at 50°, as com- 
pared with water at 50°, is 6. Find its relative weight 
as compared with water at 10°. — Ans. 5 '93. 

When any large body of water, as a lake, is ex- 
posed to a cold atmosphere, the surface water cools 
and, becoming denser, sinks to the bottom, being 
replaced by the warmer water from beneath, as has 
been already explained. This process goes on until 
the whole of the water is at a temperature of 4°. If 
the surface water ia now cooled to 3°, it expands and 
remains at the surface ; and so the temperature of the 
surface may fall to the freezing point while the water 
beneath the surface is not much below 4° ; for, as we 
know, water is a very bad conductor of heat, and there- 
fore a long and severe frost is necessary to freeze water 
to any considerable depth. If water went on contracting 
below 4°, the temperature of the whole lake would bo 
reduced to 0° before the sutiace Y»a.tftx ^oxjXii ix^^T.^-^ 
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as it is, the freezing water, as well as the frozen water, 
serves as a covering to the rest of the lake. 

But the above observations do not apply to sea 
water, which contains a large quantity of salts in solu- 
tion. With sea water, the maximum relative weight 
is at — 3*7**, and it freezes a very little above — 2*. 
So that a salt-water lake would be at about — 2° 
throughout its whole depth when the surface was frozen ; 
but the ice formed is lighter than the water, and would 
therefore remain at the surface and prevent the rest 
of the water from becoming much colder. There are 
several circumstances that prevent the sea from* freezing ; 
amongst which may be mentioned the great bulk of 
water to be cooled and its rapid motion from one climate 
to another, and also the low temperature required 
( — 2**). But in the Arctic regions, the sea does 
freeze. 

Miscellaneous Examples. 

1. A piece of ice is forcibly kept at the bottom of 
a beaker, and the latter is then filled with water at 
15*. Describe accurately the changes which the water 
undergoes with respect to temperature. 

2. In the preceding question, state clearly what 
difference (if any) it will make if the ice is in the middle, 
instead of at the bottom, of the water. 

3. In the experiment on p. 45 show why the cur- 
rent of liquid is not up by the sides of the vessel and 
doum the middle of it. 

4. When hot water is poured into a glass already 
half filled with milk, it is often noticed that the mixture 
at the top is very much hotter than that at the bott^^KN. 
of the glass. Explain this. 
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EXPANSION OF GASES. 

It will be remembered that, when solids and liquids 
expand, tbe heat which causes them to expand has to 
overcome several forces — one of which is cohesion — 
and that these forces have a far greater influence upon 
the bulk of solid and liquid bodies than the pressure 
of the atmosphere has. If a solid or a liquid body 
is placed beneath the receiver of an air-pump, and 
if the air is then withdrawn from it, the change in 
bulk undergone by the solid or by the liquid is 
perfectly imperceptible. But it is very different with 
gases ; a gas will expand to almost any extent if the 
external pressure upon it is removed. If a bladder half 
filled with air is placed in the exhausted receiver of 
an air-pump, it will swell out, and perhaps burst. The 
pressure of the atmosphere is not constant ; sometimes 
it will support a column of mercury 760 millimetres 
high, sometimes more, sometimes less. But the normal 
or average pressure is taken to be 760 millimetres of 
mercury at 0**. In all that we say of gases, we will sup- 
pose them to be under the normal pressure unless the 
contrary is specially stated. It must be remembered that, 
if a certain bulk of gas is measured off when the baro- 
meter is at 760 millimetres, its WWl n^XV \>^ ^^^tat if 
the barometric column falls, and leas \i ^i\i^ goVxtcmv Tve.^'Si, 
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Gay-Lussac* was the first to investigate the expansion 
of gases with any great degree of accuracy ; after 
him, Dulong and Petit. The instrument used (Fig. 
22) was like a thermometer which was partly filled 




Fig. 22. 

with the pure gas ; a drop of mercury, m, served to 
separate the gas from the external air and to indicate 
its volume. The capacity of the bulb and of each 
division of the graduated stem was accurately deter- 
mined, so that the whole volume of the gas could 
be easily deduced from the position of the mercury. 
The bulk of the enclosed air at 0** was ascertained by 
cooling the instrument to 0°, and observing the position 
of the mercury in the tube ; the air was then heated 
to several higher temperatures, and its volume at each 
of these was recorded. Gay-Lussac found that, if a 
litre of air was measured off at 0^, and if it was then 
heated to lOO", it occupied 1*375 litre; so that the 
amount of expansion between 0° and 100° was •375. 
This would give the mean or average coefficient of ex- 
pansion as '00375. We spoke of the mean coefficient 
of mercury ; between 0** and 100**, it was '0001815, 
very much less than the mean coefficient for air as 
determined by Gay-Lussac. It is true that 1 litre of 
mercury at 0® becomes 1*01815 litre at 100**, but it is 
not true that 1 litre at 0** becomes 1-0001815 at 1% and 
1*001815 litre at 10°, and so on. Mercury expands 
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less rapidly at low than at high temperatures ; the coeffi- 
cient of expansion of mercury is less than '0001815 at 0°, 
and becomes gradually greater and greater till, between 
60* and 100% it is greater than -0001815. The number 
•0001815 is really only an average coefficient. Gay- 
Lussac, howeyer, ascertained that, in the case of gases, 
the ayerage or mean coefficient of expansion is also 
the true coefficient of expansion, and that a gas con- 
tinues to expand to the same extent from 0° to P, from 
3° to 4% from 50** to 5V and so on. With gases, the 
mean coefficient between 0" and 10° is the same as the 
mean coefficient between 0** and 50°, or between 0° and 
100°. The number •00375, however, is not the cor- 
rect coefficient for air ; Eudberg deduced the number 
•003648 ; and, lastly, Eegnault made several series of 
very accurate experiments on the expansion of gases 
generally, and deduced, for air, the number '00367, 
which is now usually adopted. 

Gras. Coefficient of Expansion. 

Air ...., '00367 

Hydrogen -003661 

^ ^ Carbonic oxide -003669 

Carboijic acid '003710 

Nitrous oxide -003719 

Sulphurous acid ......... -003903 

Cyanogen -003877 

It was observed by Dalton* and Gay-Lussac (and the 
observation has been corroborated by subsequent re- 
searches) that all gases have practically the same 
coefficient of expansion. We see that it is true of 
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air, hydrogen, and carbonic oxide; the exceptions — 
carbonic acid, &c, — are only apparent, as will be seen 
further on. Very important, as assisting in the eluci- 
dation of these exceptions, are the experiments of 
Eegnault; who determined the coefficients of expansion 
of air and other gases, when under greater pressure 
than that exerted by the atmosphere. The following 
table gives some of his results : — 

Coeffideiit of expansion of air under a 
pressure of 

760 millimetres is -00367 
2525 „ -003694 

2620 „ -003696 

Coefficient of expansion of hydrogen under a 

pressure of 

760 millimetres is -003661 
2545 „ -0036616 

Coefficient of expansion of carbonic acid under a 

pressure of 

760 millimetres is -00371 
2520 „ -003845 

Coefficient of e:q>an8ion of splphurous acid under a 

pressure of 

760 millimetres is -003903 
985 „ -003984 

It will be seen hereafter (page 116) how these re- 
sults clear up the apparent exceptions to the law that all 
gases have practically a uniform rate of expansion, and 
not specific expansibilities as was found to be the case 
with solids and liquids. In the meantime, it is im- 
portant to remember the fact that the coefficient of 
expansion is greater when the gas ia E\3Xi\^^\.^^ \»^ ^^"^ 
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pressure. From the meaning of the term " coefficient 
of expansion/* it T?ill be at once seen that 1 litre of 
hydrogen at 0** becomes, at V, (1 + -00366) litre ; at 2% 
1 + twice -00366, or (1 + -00732) litre ; at 3^ 1 + three 
times '00366, or (1 + -01098) litre, and so on. Hence 
5 litres of hydrogen at 0° become five times (1 + -00732) 
litre at 2*^ ; and five times (1 + -01098) litre at 3% and 
so on. These results can be thus tabulated : — 

Temperature. Bulk of 1 litre of hydrogen measured 

off at 0°. 

0** 1 litre 

r 1 + -00366 

2« 1 + -00366 + -00366 

3° 1 + -00366 + -00366 + -00366 

Conversely, if it be required to find the bulk at 0° of 
any volume of a gas measured off at some higher tem- 
perature, say 3°, we proceed from the known fact that 1 
litre of that gas at 0** becomes, at 3**, 1-01098 litre, or 
(1 + 3 X coeff. of expansion) litre. What is the bulk, 
at 0®, of 5 litres of hydrogen measured off at 3** ? Now, 
since 1 + three times -00366, or - 

(1 + -01098) litre of hydrogen at 3** becomes 1 litre 
at 0°, it follows that 

1 

1 litre of hydrogen at 3® becomes , — tttttz litre at 0°. 
•^ ^ 1 + -01098 

= -989 „ at 0°. 

or 989 cub. cent, at 0°. 

.'. 5 litres „ „ become 5 x 989 „ at 0°. 

If such a question as this is asked — What is the 

bulk at 20** of 10 litres of hydrogen measured off at 

30'* ^-^it will be seen that thexe at^ t^o ViiQrwTLi%Rta by 
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means of which we may arrive at the answer. These two 
facts are that 

1 litre of hydrogen at 0° becomes (1 + thirty times 
•00366) litre at 30% 
and that 

1 litre of hydrogen at 0** becomes (1 + twenty times 
•00366) litre at 20° ; 
but we do not know from the coefficient of expansion 
of hydrogen what is the volume at 20** of 1 litre 
measured off at 30**. Hence there are two separate 
calculations to make ; the first is to find the volume at 
0** of the gas that was measured off at 30**, and the 
second is to find the volume of this gas when heated 
from 0** to 20°. 



1 ,} ,} ,, f, 1 TTTT litre at 0°. 



(1 + SO X -00366) litre of hyd. at 30° becomes 1 litre at 0°. 

I 

1 + -1098 
= 901 cub. cent, at 0°. 
.'. 10 „ „ „ become 9*01 litres at 0°. 

Again, 

••• 1 litre of hydrogen at 0° becomes (1 + 20 x -00366) litre at 20°. 

= (1 + -0732) Utre at 20°. 
.•.9-OlHtres „ „ become (901 x 10732) Htres at 20°. 

= 9-6695 Htres at 20°. 

It will be seen that (1 + twenty times '00366) litre at 
20° becomes (1 + thirty times -00366) litre at 30°, or 
(1 + '0732) litre at 20° becomes (1 + -1098) litre at 30°. 
And we may start from this one fact, which is only a 
combinatioji of the two facts above giNeu. T^m^\ 
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•/ 1-0732 Htre at 20° becomes 1-1098 Htre at 30°. 
1-0732 



» j> ■*■ »» 



•" 1-1098 

10-732 

• 10 

• 1-1098 

that is, 10 litres at 30*, if cooled to 20°, occupy a 

10*732 

volume of —, or 9*6695 litres. The followins: 

1*1098' ^ 

examples should be worked out in hoth ways, by using 
the coefficients of expansion given above. For ordinary 
purposes, '00366, or 1-2 73rd may be used for all 
gases. 



Examples ox Expansion of Oases. 

1. 15 litres of carbonic acid are collected at 25*^; 
what will be the volume of the gas at 0**? — Ans, 
13*727 litres. 

2. 20 litres of nitrous oxide are collected at 0** ; 
"wiiat will be the volume of the gas at 25°? — Ans, 
21859*5 cubic centimetres. 

3. 200 cubic centimetres of sulphurous acid are col- 
lected at 15° ; what will be the volume of the gas at 
100° l—Ans. -2627 Htre. 

4. An empty vessel, the temperature of which is 
300°, has to be filled with carbonic oxide ; the capacity 
of the vessel is 30100 cubic centimetres ; what bulk of 
carbonic oxide at 15° must be passed into the vessel in 
order that the latter maybe filled with the gas at 300°? 
— Ans, 15*8727 litres nearly, 

J. What diminution in volume laVe^ ^\wi^^\\Aii 30 
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litres of air are cooled from 100° to SO'* l—Ans. 1611 
cubic centimetres. 

6. What increase in volume takes place when 40 
litres of cyanogen are heated from 10** to 12° ? — Arts, 
299 cubic centimetres nearly. 

7. A room is 40 cubic metres in capacity ; what 
bulk of air (measured oflF at 0°) is driven out of the 
room when its temperature is raised from 15° to 20* ? 
— Ans, 648*129 litres nearly. 

8. To what temperature must air (measured ofif at 
0°) be raised in order that its volume may be increased 
by one half of its original volumft ? — Ans, 136*2°. 

9. 1 litre of air is measured off at 0° ; at what 
temperature is its volume equal to 2 litres ? 

1 litre at 0° expands by '00367 litre wlien heated to 1° 

and by twice -00367 „ „ „ 2® 

1 / 1 \° 

and by -TTTTZ x '00367 „ „ „ ( -ZTZTZ ] 
^ -00367 \-00367/ 

U, by 1 „ 273° 

therefore 1 litre at 0° becomes 2 litres at about 273°. 

This fact is more plainly seen if we consider that -00367 

367 1 „ 

18 equal to j^^^ or ^. Hence 

1 litre at 0° becomes 1 + r-- at 1° 

2 to 

and 1 + — at 2° 
273 

» 

and 1 + at 3° 

273 

and \ ^ zll ^'^'^ 
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10. What bulk of air at 0° must be taken in order 
that, when heated to 1^, its volume shall be increased by 
1 litre? — Ans, 272479*6 cubic centimetres. 

11. 10 litres of air at 15® are heated until the 
volume of the air has become 12 litres; to what 
temperature has the air been heated ? 

••• (1 + 15 times '00367) litre of air at 15** becomes 
(1 + 16 times -00367) Htre at 16*» 

i.e. 1-05505 Utre of air at 15° becomes 1-05872 Htre at 16° 

1-05872 
•*• ^ " » 1-05505 " 

= 1-0034785 

Hence 1 litre of air at 15° increases by '0034785 litre 
when heated to 16°, and by twice '0034785 when heated 
to 17°, and by three times '0034785 when heated to 
18°, and so on. Now the increase of volume given in 
the question is that of 2 litres on 10 litres, which is 
the same as an increase of *2 litre on 1 litre. 

Now, as '0034785 litre is the increase for a rise of 
one degree of temperature 

.-. 1 litre is the increase for a rise of ( .0034785 ) ^^^^^' 

-2 

and .-. -2 Utre „ „ -0034785 

== 57-5 

Therefore the air must be heated 57J° above its 
original temperature; that is, to (15 + 57^)° or 72'5°. 

12. 15 litres of air at 10° were heated to such a 
temperature that the volume increased by 1-5 litre ; to 
what temperature was the air heated? — Ana, 38-2°. 

13. 5 litres of air at 15° are cooled to a certain tem- 
perature, and the volume at that temperature is ob- 
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senred to be 3*5 litres ; to what temperature has the air 
been cooled ? 

•/ (1 + 15X-00367) litre of air at 15® becomes (1 + 14X*00867) litre 

at 14** 
i.e. 1-05505 „ „ 1-05188 

, 106138 

1-05505 

= -996521 

Hence 1 litre of air at 15*^ diminishes in bulk by 

(1 — -99652) or -003479 litre for each degree that it 

is cooled below 15®. Now, in the question, there is a 

diminution of volume from 5 litres to 3'5 ; this is 

3-5 
equivalent to 1 litre contracting to — or -7 litre, or to 

a diminution of *3 litre for each litre of gas cooled. Now 
since — 

'008479 litre is the dimination of volume for 1 degree. 



it )J n 



>f a it 



1-008479/ " 



8 86 degrees nearly. 

Hence the air has been cooled to 86 degrees below itg 
original temperature, that is, to (15 — 86)** or — 71®. 

14. 20 litres of carbonic oxide at 25® occupy a 
volume of 15*5 litres at a low temperature ; find this 
latter temperature. — Am, — 41*9®. 

The student should continually revert to the preced- 
ing examples until he has gained a complete mastery 
over them, because they are examples of a subject 
rarely comprehended by beginners. He may be able to 
simpUff many of them by the usft oi \5[v^ few:^s^QPKv-«^^^^sv 
Ilea of the decimal -00866. The etoo^^ ^^L'WSi'S^'^'e' ^"^ 



74 EXPANSION OF GASES. 

exactly similar to sums in simple interest. Thus, taking 
the coefficient of expansion of air as tttt, «.«. iH per 
cent., the question — What is the volume at 20** of 10 
litres of air measured off at 15**? — ^is exactly similar to 
the following : — A certain sum of money was deposited 
in a bank at ^ J per cent, per annum simple interest ; at the 
end of 15 years, the principal and interest together (t.e. 
the amount) was found to be £10 : what would be the 
amount at the end of 20 years after depositing the 
principal ? In such a question as the following : — 10 
litres of air are measured off at 15** ; find the volume at 
35° F. — ^it is only necessary to reduce 35°F. to its equiva- 
lent on the Centigrade scale, and then to proceed as 
above. To heat 1 litre of air from 32°F. to 33'r. is the 
same as heating it from C^C. to (jfyC, and it therefore 
expands and occupies at 33**F. a volume of 1 + J of 
•00367 litre. Hence the coefficient of expansion of a 
gas for 1 degree Fahrenheit is 5-9ths of the coefficient 
for 1 degree Centigrade. It will be observed that 
the coefficient, Tfi^ expresses a certain fraction of the 
volume of the gas at 0**, and it is by this constant 
quantity that a gas expands when heated ; and hence 
the coefficient of expansion at 10° — i.e. the fraction of 
the volume at 10° by which the gas will expand when 
heated to 11° — is less than the coefficient at 0°. The 
following table will make this clear : — 

Nnmber of cubic 
Temperature. centimetres of gas. 

0° 273 

1° (273) + 1 

2° (273 +1)+1 

S^ {^m -vl ^V^^V 

4^ {^m ^\ \\^^^^ 
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In each case, the gas expands for each degree by 
mrd of its bulk at 0** ; but from 1* to 2° it expands by 
^frth of its bulk at 1" — this being the same as tI jrrd of 
its bulk at 0* ; also between 3* and 4* it expands by 
TTsth. of its bulk at 3*. Let a b (Fig. 23) represent 






B 




Fig. 23. 



Fig. 24. 



273 cubic centimetres at (fC, then each of the divisions 
below A B represents 1 cubic centimetre ; the rate of 
expansion is perfectly uniform at all temperatures, 
being alwajs ^rrrd of the volume at 0*^, for each degree 
Centigrade. 

Fig. 24 represents Leslie's* Differential Thermo- 
scope. It consists of a bent glass tube, terminated at 
both extremities by bulbs. The bulbs and the adjacent 
parts of the tube contain air, but the rest of the tube is 
filled with a coloured liquid. If a is heated to the 
smallest extent above the temperature of b, the air in 
A expands and forces down the column of liquid ; if it is 
cooled, however, below the temperature of b, the 
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colnmn of liquid rises towards it. This instrument is 
extremely delicate, but it does not indicate absolute 
temperatures ; it shows merely if there is any diflference 
between the temperatures of the two bulbs. 

Regnault's Air Thermometer consists of a glass or 

porcelain cylinder, drawn out, as in 
Fig. 26, to a very fine point ; it is 
generally used as a pyrometer, but 
frequently also in the place of the 
common mercurial thermometer, the 
indications of which are not absolutely 
correct, especially above the boiling 
point of water. In order to ascer- 
pj^ 25 tain the temperature of a fire by means 

of this instrument, it is placed in the 
fire and is allowed to remain there as long as any air is 
driven out at the fine point ; directly the current of air 
has entirely ceased, the point is hermetically sealed by 
a blow-pipe, and the instrument is then removed and 
allowed to cool. When cpld, the point is carefully 
broken off under mercury ; the mercury is forced into 
the cylinder by the pressure of the external air, and 
occupies the space of the air that has been expelled by 
the heat of the fire. The cylinder is surrounded with 
ice, so that whatever air remains is at 0°. When the 
mercury has ceased to rise in the cylinder, the latter is 
carefully removed, and the whole of the mercury con- 
tained within it is emptied into a graduated vessel, so 
that we can find its bulk. The cylinder is then com- 
pletely filled with mercury, and the bulk of this mer. 
cury^ i,e. the total capacity of the cylinder, is ascertained 
sa before. Suppose thi^t 1*2 litre oi meicnGrj ^\itAT& the 
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cylinder after cooling, and that the total capacity of the 

cylinder is 2 litres ; the bulk of the air in the cylinder 

at 0° (after removal from the fire) is (2 — 1*2) or '8 litre, 

and the bulk of this air at the temperature of the fire is 

2 litres ; required the temperature of the fire. 

'8 litre at 0^ expanding to 2 litres is the same as 

1 - - - .| or 2*4 litres 

i.e. 1 - expands by 1 '4 litre 

Now 1 - expands '00367 litre for each degree 

1-4 1-4 

and therefore ^^^^^^ X -00367 litre for ^^^^^^ degrees 

i.e. 1*4 litre for 381*5'* nearly. 

Hence the temperature of the fire is 381 'S*. 

But so many corrections hare to be made, e.g. cor- 
rections for any alterations that may occur in the atmo- 
spheric pressure, and for the expansion undergone by 
the cylinder itself — that the air-thermometer has never 
come into general use. In determining the coefficients 
of expansion of gases, even between 0® and 100°, we have 
similarly to make these corrections, for the atmospheric 
pressure frequently varies, and the containing vessel is 
more capacious at 100° than it is at 0°. (See p. 80.) 

Hot gas is relatively lighter than cold gas ; hence, 
when a gas is heated, currents of gaseous particles are 
produced ; gases, like liquids, become heated through- 
out their entire bulk principally by convection. This 
is one reason why porous clothes are warmer than those 
that are dense ; the heat of the body would have to 
pass along the fibres which are themselves bad con- 
ductors of heat ; the heat finds its way from fibre to 
fibre with great difficulty because the intervening gas 
which occupiea the pores has a "very \o\« ^oi^^x ^^ <5ss^- 
dactiDg beat, and it is more ot \fe^a y^^s^ij^^^ \tci«v 
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conveying the heat by the comparatively close texture 
of the material. In the same way porous bricks tend to 
keep a house warm in winter and cool in summer. 
Grove found that, if he passed a current of electricity 
through a wire which successively traversed two globes; 
one containing hydrogen and the other carbonic acid, 
the portion of the wire that was surrounded with car- 
bonic acid could be easily raised to a red heat while the 
other portion could not. The conclusion drawn from 
this experiment was that hydrogen conducted away the 
heat caused by the electric current much more readily 
than carbonic acid could do ; but, as hydrogen is 22 . 
times lighter than an equal volume of carbonic acid, its 
particles move more rapidly, it conveys heat better ; and, 
in general, the heavier the particles of a gas are, the 
longer it takes to become heated. 

Hot gas is always found at the top of a room and 
cold gas at the bottom ; ventilators allow the hot air to 
pass out, and this is replaced by cold air that enters from 
below. A fire in a room creates a draught, because the 
hot gases pass up the chimney and are replaced by 
colder air from the room. If a fire is to be lighted in a 
room, the room itself should always be connected di- 
rectly with the external air by some convenient con- 
trivance ; for, if this is not the case, the fire is supplied 
with air that comes from other parts of the house, and 
this air itself is replaced by the external air that finds 
its way down the chimneys of unlighted fires. The 
currents of air thus produced are represented in Figure 
26 ; the fire is lighted at a. The following experiment 
jDroves that no air can pass down the chimney, a b, but 
masi come down the other, o d. Ikft \iQ\.^i\ft kTi CE\^, 
^7J, IS provided with a cork, ttiTO\ig\i -vVic^a. ^^%& \»^^ 




tubes. In one of these (a) a lighted candle (o) is fixed. 
A current of hot air passes np d, from the candle, as 
is shown by holding a lighted Incifer to it, when the 
flame of the Incifer is blown npwarda ; bat, when pre- 
sented to the tube A, the flame passes downwards, 
and the bottle becomes filled with the smoke of the 
extinguished lucifer. If the upper end of a is closed 
by pressing the finger upon it, the flame of the caudle 
becomes dim ; and it will ultimately be extinguished, 
though the tube s is open, unless 

6 the finger is quickly removed. If 
a lighted candle is placed at the 
bottom of a wide-necked fiask 
(Fig. 28) it will gradually become 
dim, as the oxygen of the air is 
burnt and cannot be replaced 
down the single chimney ; but, if 
the neck of the ftaate.\a &Tv&fti.Ni"i 
meana of a coii^KiM^ -^ttsKjStfs^i 



Fig. 28. 
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A, two currents, an upward and a downward one, are 
immediately established, and the flame again becomes 
bright. Now it is easy to see that, if a gentle breeze is 
blowing in the direction b o, a considerable quantity of 
the obnoxious gases which pass up from the candle 
will be impelled again into the flask by the downward 
current. This is what actually occurs in houses that 
are badly rentilated; the fires are fed by air which 
comes down the chimneys of adjacent rooms where 
there are no fires, and consequently a fire in one room 
of a house will frequently cause another room to be 
filled with smoke ; for the obnoxious gases that pass 
upwards from the fire are often blown towards the 
chimney which is conveying the downward current into 
the house. 



Examples on the Air Thermometer. 

1. It is found that, when an air-thermometer is 
removed from ice and placed in a furnace, 3-4ths of the 
original bulk of the air are expelled. Find the tempera- 
ture of the furnace? — Arts, 81 7 '4®. 

2. The capacity of an air-thermometer is 3 litres ; 
and, after removal from a furnace and immersion in ice, 
&c., as described above, the instrument is found to 
contain 1-8 litre of mercury. Find the temperature 
of the furnace l—Ans. 4087°. 

3. In the preceding question, if 1*8 litre of mercury 
had passed into the thermometer when the enclosed air 

was at 10% what would have beeiv t\\^ temigerature of 
the furnace ? --Am. 433•7^ 
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4. A bulk of carbonic acid is required such that, 
when heated from 100° to 105"*, it shall expand in all 
by 3*5 cubic centimetres ; what bulk is necessary for 
this purpose ?—^ws. -2607 litre at 100^ 

5. Find the coefficients of expansion of air, hydro- 
gen, and carbonic oxide (at 0°) on the Keaumur scale ? 
—^ns. -00459; '004576; 004586. 

The above-mentioned currents are found, not only in 
small bulks of air, but also on a grand scale in the 
whole body of the atmosphere. The atmosphere con- 
sists of a mixture of different gases that completely 
envelop the. earth. The actual height of the atmo- 
sphere above the earth's surface is different at different 
places ; as it bulges out at the equator more than at 
the poles, its polar diameter is much smaller than its 
equatorial diameter. This bulging out at the equator 
is due to the rotation of the earth on its axis. The 
average height of the upper level of the atmosphere is 
from 70 to 80 kilometres above the level of the sea, or 
about 1- 145th of the earth's diameter. The pressure of 
the atmosphere becomes less and less as we ascend in 
it ; at the surface of the earth we have the weight of 
the whole atmosphere, but as we rise in the air we have 
the weight of a continually diminishing portion of it. 
The temperature of the atmosphere is exceedingly 
variable ; speaking generally, it is much colder at the 
poles than at the equator, and the temperature falls as 
we ascend above the sea level. If we go on ascending, 
we at last arrive at a point where the average tempera- 
ture is 0°, and above this point the average temperature 
is lower and lower. At the equator we have to rise 
more than 4^ kilometres before we reach this T^omt^ 
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and we there find perpetual snow all the year round ; 
but as we approach the poles, we need not ascend so high 
in order to find this level of perpetual snow ; and at last, 
when we come to the poles, we find that this level is 
at the level of the sea. The heat of the sun is only 
partially absorbed by the atmosphere ; the rest reaches 
the earth and is then absorbed by the earth. The lower 
strata of air become heated, partly by actual contact 
with the earth, but chiefly by absorbing the heat which 
is given out by the earth, for (as we shall show further 
on) air is capable of absorbing the heat given out by 
the earth, but not that which comes direct from the 
sun. It follows from this that the air in the neigh- 
bourhood of the equator becomes strongly heated, and 
therefore an upward current is produced; the space 
thus vacated by the hot air is immediately occupied 
by air which flows from the cold polar regions, 
and this polar air is replaced by the air that had 
formerly ascended from the equator. Thus two sets 
of currents are produced, the upper and the lower 
trade winds. These currents occur in both the northern 
and the southern hemisphere, but we will consider 
the formier only. In the northern hemisphere, then, 
the lower current ought apparently to come direct 
from the north, and the upper current direct from the 
south; but it must be remembered that the earth 
moves on its axis from west to east, and this axial 
movement is much more rapid at the equator than at 
the north pole. Hence the air coming from the north 
pole starts with a given velocity southward and east- 
ward, but, as it approaches the equator, it is, as it were, 
left behind by the earth which has a very much greater 
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eastward velocity : and hence the current appears to 
blow from the north-east, while we ourselves seem 
stationary ; just as, when we are in a ship, objects seem 
to move in a direction opposite to that in which we are 
going. But the upper current starts with a great 
eastward velocity, and as it approaches the poles, it 
passes over regions which have a much smaller eastward 
velocity ; it therefore gains upon them, and leaves them 
behind^ and appears to come from the south-west. The 
upper currents are very high above the sea level at the 
equator, and are said to be above the summits of the 
highest mountains in those regions, but their existence 
has been proved by the fact that the ashes and debris 
shot up from volcanoes have been conveyed by these 
currents to very great distances in the direction above 
indicated ; moreover, the upper trade winds reach the 
sea level south of the north pole (or north of the south 
pole), a fact that accounts for the south-west wind so 
prevalent in the British Isles. 

The land breeze and the sea breeze are other examples 
of natural aerial currents ; these are caused by the 
land being hotter in the day-time than the sea, but 
colder in the night-time. Earth becomes more easily 
heated and more easily cooled than water. These 
breezes are more regular in the tropical regions than in 
the northern climates ; and, by coalescing with the 
trade winds, they give rise to the monsoons of the 
Indian Ocean ; north of this ocean is Asia, which 
becomes, during the summer months, more strongly 
heated than the water; but, during the winter, it is 
at a lower temperature. 

The relative weights of all gaa^» 4\\xi\m^ ^^^ ^^'^ 
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of temperature ; there is no gas known that contracts 
when heated. The following table gives the weight of 
11 '2 litres of several gases : — 



11'2 litres of Hydrogen measd. off at 0® '16m, B.P. weigh 1 gnn. 

8 



„ .uxaxoii. goio 

„ Ammonia 


• • • • •• 

• • • • • • 


8-5 „ 


„ Cyanogen 


• . • • • • 


... 13 „ 


„ Carbonic oxide 


« • • • • • * 


.. 14 „ 


„ Nitrogen 


• • • • • • • 


14 „ 


„ Air 


• • • • • • 


14-45 „ 


„ Oxygen ... 


• • • • • • 


... 16 „ 


„ Carbonic acid 


• • • • • • 


.. 22 „ 


„ Nitrous oxide 


• • • • • • • 


.. 22 „ 


„ Sulphnrous acid 


• • • • • • 


... 32 „ 


„ Chlorine 


• • • • • • « 


.. 35-5 „ 



Hence, if hydrogen is taken as the standard of com- 
parison, the relative weight of marsh gas is 8, which 
means that any bulk of marsh gas, at 0"' 76m. barometric 
pressure, weighs eight times as much as the same bulk 
of hydrogen at the same temperature and pressure. 
Since we have already agreed not to take atmospheric 
pressure into consideration, we will suppose the baro- 
metric column always to be at the same height, viz. 
760 millimetres. But it must be remembered that the 
relative weight of a gas increases when the pressure 
upon it is increased, because, under these circumstances, 
the volume of the gas diminishes. 

Now it is evident that, since for all practical pur- 
poses the expansibilities of the above-named gases are 
equal, i.e. one gas expands as much 'as another, their 
relative weights at different temperatures, as compared 
TFj^Ii hydrogen at those temperatures^ oi^ aXso tlkft same 
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as their relative weights at 0°, as compared with hydro- 
gen at 0°. This is clearly shown by the first of the 
following examples. 



Examples on Relative Weights op Gases. 

1. How much heavier are 2 litres of carbonic oxide 
at 20° than the same bulk of hydrogen at 20** ? 

•/ (1 + '0732) litre of carbonic oxide at 20° becomes 1 litre at 0° 

1 



1 



*» >» i./.rroo »» 



1-U732 
2 



>» « i.nrroo " 



1*0732 

- 1-86 „ 

and *.* 11*2 litres of carb. oxide at 0° weigh 14 grammes 

14 
.-. 1-86 „ „ j^ X 1-86 „ 

i.e. 2*3 grammes nearly. 

Hence 2 litres of carbonic oxide at 20° weigh 2*3 
grammes nearly. Now 2 litres of hydrogen at 20° 
likewise contract to 1-86 litre when cooled to 0°, and 
as 11*2 litres at 0° weigh 1 gramme, it follows that 

1*86 litre weigh tt^o^ ^'^^ gramme, or '166 gramme 

nearly ; and therefore 2 litres of hydrogen at 20° weigh 
•166 gramme. The carbonic oxide at 20° is fourteen 
times heavier than the hydrogen at the same tempera- 
ture, for '166 X 14 = 2-3 nearly. 

2. What is the relative weight of carbonic acid at 
10^? That IB to say, how mudi \i^a"^et ^JajwiV^^^^^s^ 
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at O' is carbonic acid at 10* ? We hare to find the 
weight of 11*2 litres of carbonic acid at 10*^, and, as 
shown in the previous question, this is accomplished by 
finding the bulk at 0° of 11*2 litres of carbonic acid 
measured off at 10^. Its weight also can be found, 
for we know the weight of a certain bulk of carbonic 
acid at 0*^, and from that can find the weight of any 
other bulk; this weight, then, is also that of 11*2 
litres of carbonic acid at 10°, and the question now 
resolves itself into — how much greater is this weight 
than that of 11*2 litres of hydrogen at 0°? It must 
be remembered that the coefficient of expansion of 
carbonic acid is '00371. — Ans. 21-213. 

3. What is the relative weight of nitrous oxide at 
—20** ? In this we must find the bulk at <f of 11-2 
litres of nitrous oxide measured off at — 20°, remember- 
ing that its coefficient of expansion is '003719. — Ans. 
23-768. 

4. At what temperature has carbonic acid the same 
relative weight as oxygen at 0°? That is, at what 
temperature do 11-2 litres of carbonic acid weigh 16 
grammes? 11*2 litres of carbonic acid at 0° weigh 22 

grammes, or (16 + 6)* grammes ; therefore ( — -- x 16) 

22 

litres of carbonic acid at 0° weigh 16 grammes ; at 

what temperature does this volume expand to 11-2 

litres ?— ^715. 101 -P. 

5. At what temperature has air the same relative 
weight as oxygen at 0° ? — Ans. — 26-4°. 



• Tho f^ has to expand by ^tlia or {ths of its volume at 0°. 
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6. What is the weight of 10 litres of air measured 
off at 150° l—Ans. 83205 milligrammes. 

7. 3 litres of carbonic oxide are mixed with 5 litres 
of carbonic acid, both at 15° ; what is the weight of 
2 litres of the mixed gases ? — Ans, 3'214! grammes. 

8. How much heavier than air at 20° is carbonic 
acid at 30° ? — Ans, 1*07 times nearly. 

9. What is the weight of a litre of ammonia at 
200°, assuming '00367 as its coeflBcient of expansion ? 
— Ans, 43*7 centigrammes. 

10. What is the bulk of 10 grammes of cyanogen 
at 50° 1—Ans. 10-2855 Htres. 

If it were asked, what is the volume at — 20° of 10 
cubic centimetres of sulphurous acid measured off at 0° ? 
we should find, by employing the coefficient of expansion 
•0039, that the required volume was 9*22 c. c. But, if 
we were to put our answer to the test of experiment by 
actually enclosing 10 c. c. of sulphurous acid at 0° in 
a thermometric tube, and cooling it down at the ordinary 
atmospheric pressure to — 20°, we should discover that 
our answer was altogether wrong. The 10 c. c. would 
commence by contracting '039 c. c. for each degree fall 
of temperature, but, as the temperature got lower, we 
should observe the gas contracting far more rapidly, 
and at last, at about — 10°, it would contract altogether, 
and occupy no volume as a gas ; it would then be a 
liquid. The great majority of gases liquefy when their 
temperatures are sufficiently low ; all gases are merely 
the vapours of liquids, but these liquids boil at very 
low temperatures. Hence the difference between car- 
bonic acid and steam is not a difference of kind but 
onlf of degree. The foUowmg ta\A.^ %v?^^ \5aa \«c^- 
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peratures at which various substances boil, i.e. pass into 
the gaseous state : — 



Nitrous oxide — 88° 

Carbonic acid — 7 8° 

Ammonia — 34° 

Sulphnrous acid — 1 2° 

Ether +35o 

Bromine 63° 



Alcohol 78-4° 

Water 100° 

Hydrio Acetate 120° 

Mercury 350° 

Sulphur 440° 

Zinc 1040° 



Liquid nitrogen, liquid oxygen, and a very few other 
liquids boil at such low temperatures that we have never 
been able to condense the gases — we have never been 
able to reach the temperatures at which these liquids 
boil. 

There being no essential difference, then, between 
gases and vapours, we should expect that ether vapour 
or water vapour (steam), &c., would expand regularly 
for each degree Centigrade, and to the same, or prac- 
tically the same extent as the gases already studied. 
For instance, 1 litre of hydrogen at 100° becomes 
very nearly 1*0026 litre at 101°. And we should 
expect that 1 litre of steam at 100° would also become 
1*0026 litre if heated to 101°. But this is not the case ; 
for steam at 100° and hydrogen at 100° are not under 
at all comparable circumstances. Hydrogen at 100° 
is far removed from the boiling point of its liquid, and 
is therefore a tolerably perfect gas ; it has no tendency 
at all to liquefy ; the separate particles of hydrogen 
have no inclination to run together: but the steam is 
close upon its point of liquefaction and its particles 
still cohere to a certain extent. We find that, when 
beatedj steam expands far more rapidly tliovi Kydrogen^ 
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until, at a certain temperature (about 120°), it begins 
to follow the laws of gases and to expand regularly for 
each degree rise of temperature to nearly the same 
extent as hydrogen and other perfect gases at that 
temperature. 

1+151 X -00366 

1 litre of hydrogen at 150 becomes :: ^ litre at 1 51° 

^ ^ 1+150 X -00366 

also 

1 + 151 X -00366* 

1 litre of steam at 150 becomes litre ,, 

1 + 150 X -00366 

It is therefore often stated that, if steam were a per- 
fect gas at 0°, its coefficient of expansion would be 
•00366 at that temperature ; but the assertion is 
founded upon a useless and erroneous assumption. 

All other vapours behave like steam in this respect, 
viz. that they become almost perfect gases when the 
temperature is sufficiently high above the boiling 
points of their liquids ; and the higher the temperature 
is above the boiling point the more perfect is the gas. 
This fact will at once explain the anomalies before re- 
ferred to, viz. carbonic and sulphurous acids, &c., which 
expand more rapidly than hydrogen and air. Carbonic 
acid is a liquefiable gas, and, at 100°, it is not so far 
removed from the boiling point of its liquid as is 
hydrogen at 100° ; but, at higher temperatures, car- 
bonic acid expands practically at the same rate as 
hydrogen. 



* The mimber would be rather higher than here indicated, as 
-0039; compare this with the coefficient of expansion of sul- 
phnrous add. 



90 



RELATIVE WEIGHTS OP VAPOURS. 



Hence the relative weight of steam, as compared 
vdth hydrogen at the same temperature, diminishes as 
the temperature rises from 100° to 150°, because steam 
between those temperatures is more expansible than 
hydrogen; but at higher temperatures, its relative 
weight, as compared with that of hydrogen at the same 
temperature, remains constant ; or, in other words, its 
relative weight diminishes with rise of temperature in 
the same proportion as do the relative weights of other 
gases, because it expands to the same extent. We can 
deduce the rate of expansion of a vapour from its rela- 
tive weights at different temperatures. 

The relative weights of alcohol vapour at different 
temperatures, as compared with those of hydrogen at the 



90° 


... 24-84 approximately 


100° 


... 28-7456 


>> 


110° 


23-184 


7> 


125° 


230832 


n 


150° 


23-0976 


. >> 


200° 


23-0688 


>f 



From this table we see that alcohol vapour begins to 
be a perfect gas at about 125°, but that, below this tem- 
perature, it expands more rapidly than hydrogen. How 
are these numbers found ? 

Example. Find the mean coefficient of expansion 
of alcohol vapour between 90** and 100°, from the above 
table. — Ana. -0074889 nearly. 

First, find the bulk of hydrogen that weighs 1 gramme 
at 90°, using for the sake of convenience the number 
'00366 as the coefficient of expanBiou oi\i^^To^«^^^3afe 
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same bulk of alcohol vapour at 90* weighs 24-84 
grammes. Next, find the bulk of hydrogen that weighs 
1 gramme at 100**; the same bulk of alcohol vapour at 
100** weighs 23*7456 grammes. By a simple Rule of • 
Three sum we can then determine the bulk of 24*84 
grammes of alcohol vapour at 100**, and we already 
know its bulk at 90°; the difference between these two 
bulks is the total amount of expansion undergone by a 
certain bulk when heated 10 degrees. The answer is 
*0074889 very nearly. The mean coefficient between 
125° and 200° will be found to be very nearly *00253, 
or the same as that of hydrogen between the same 
temperatures. 

To determine the relative weight of any gas, we have 
to find out the absolute weight of any bulk of that gas, 
and also the absolute weight of the same bulk of the gas 
that we fix upon as the standard of comparison. In 
practice, it is usual to take air as the standard of com- 
parison, because it is more easily obtained pure than 
other gases ; but, for the purposes of calculation, &c., 
hydrogen is preferable to air. The determination of 
absolute weights must always necessarily precede the 
determination of relative weights ; we must know the 
absolute weights in order to see the relation that sub- 
sists between those weights. 

Gases are weighed in glass balloons. An empty 
balloon, i.e. one that has been exhausted by an air- 
pump, does not weigh so much as the same balloon 
filled with air ; and a balloon full of air does not weigh 
so much as the same balloon full of chlorine. The 
balloons should be as large as possible and of as little 
weight aa possible, for tten tiie Yrcv^\i oi ^^m^ ^^t5^»xs!&^ 
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in them will not be an insignificant proportion of the 
whole weight. The gas to be weighed must be perfectly 
pure and dry, for impurities and moisture have weight ; 
and the temperature, as well as the barometric pressure, 
must be accurately noted every time a gas is enclosed 
in a balloon, for these two conditions determine what 
would be the volume of the gas at 0° and 760 mm. 
Bar. Pr. Moreover, all the weighings must be done 
with the greatest care and accuracy, and it is here that 
we meet with the greatest obstacles. 

All bodies weigh less in water than they do in air. 
Similarly a body weighs less in air than it does in 
vacuo. Properly speaking, 1 gramme is the weight of 
a cubic centimetre of water at 4°, weighed in vacuo. 
Air, like water, buoys bodies up, so that they lose in 
weight; and the loss of weight is the iveight of an equal 

hulk of air. For instance, 
if the weight p (Fig. 29) 
Aw^ balances the balloon b , which 
■ is full of some gas, p does 
not represent the weight of 
B ; p is the true weight 
of the balloon, minus the 
^\^M weight of a bulk of air 
J,. 29 equal in volume to b. The 

quantity of air displaced by 
p is so small that we may disregard it altogether. 
Tlio force with which b is pressed upwards is repre- 
sented by the weight of an equal bulk of air, w. Hence 
p and w together balance b. Now if the atmospheric 
prossuro wore to increase— the barometric column 
riW/i/r— n would recoivo a gt^Ux wilwvslX. ^1 «QL^^^\t 



^ 
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from the atmosphere, and the arms of the balance 
would take up the position a c; p would more than 
balance the balloon ; the latter would have a less ap- 
parent weight. If, on the other hand, the atmospheric 
pressure were to diminish, b would appear too heavy 
for p, and the arms would take up the position d b. 
This error, arising from the displacement of the air, 
was obviated by Regnault ; he put a balloon on each 
arm of the balance so that the same volume of air 
was displaced on both sides, the balloons being as 
nearly as possible of the same capacity and of the same 
weight. 

Glass, though visibly dry, is not really so at or- 
dinary temperatures, but has a film of moisture on it. 
This film is drawn off by heat, but appears again 
as the glass cools. Precautions have to be taken that 
errors do not arise from this source. We cannot 
weigh the balloons when hot, for currents of air would* 
be produced which would considerably interfere with 
the accuracy of the results ; all substances, before being 
weighed, should be left for some time to assume the 
temperature of the surrounding air. The form of the 
apparatus used for ^weighing gases will show how 
necessary it is thought to protect the balloons from 
all disturbing causes. 

Figure 30 represents Regnault's apparatus for de- 
termining the relative weights of gases, b is the 
counterpoising balloon, and we will suppose that it 
exactly balances a when the latter is quite empty, 
i.e, when it is exhausted by means of an air-pump. 
If A is now filled with the gas to be weighed, and is 
replaced on the balance, we shaW lnw^ \.q \|NiX. ^"lisx.^ 
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weights into the scale-pan I, and these weights will be 
tlie weight of the gas. In order that the observation 




Fig. 30. 



may be of any value, we must know the bulk of the 
gas {i.e, the volume of the balloon), and also the 
temperature and the pressure of the gas. The balloons 
have usually a bulk of about 1 decalitre. The table 
on page 84 contains the results of these observations. 

There are several ways of determining the relative 
weights of those gases whose liquids boil at temperatures 
either neighbouring upon the ordinary temperature of 
the air or far above that temperature. The mode em- 
ployed in each case must depend upon the nature of the 
substance ; e.^., if it boils at a comparatively low tem- 
perature, as ether or water, the gas can be contained in 
a glass vessel ; but if it boils at a very high temperature, 
as with zinc, vessels of glass or porcelain must be used. 
The two principal methods, of which the others are 
merely iiiodifications, are as follow : — 
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(1.) DnmaB** Method. A 
thin glasB globe (Fig, SI ), 
from "1 to '5 litre in capa- 
city, has its neck beat and 
drawn out to a very fine point. 
After beiDg thoroughly dried 
by repeatedly exfaaasting it 
and fining it with artifi- 
cially dried air, it is care- 
fully weighed while full of 
air, using all the precautions 
mentioned above. Wo will 
suppose that the weight of 
the globe, together with 
the contained air, is 10 
grammeE, and, for the sake 
of simpUcity, that the tem- 
perature and the pressure of the air are 0° and -76 metre 
of mercury to 0°. The hqnld, the relative weight of 
whose vapour has to bo determined, is now introduced 
into the globe; and the globe is then immersed in a 
hot bath, the temperature of wbich can be raised 
to about 50 degrees above the boiling point of the 
liquid. As the liquid passes into vapour, the air is 
driven out of the globe. When the temperature of 
the globe and of the vapour in it is about 50 degrees 
above the boiling point of the liquid, and when no 
more vapour is issuing from the fine open point of 
the globe, the temperature of the bath and the 




* Jean Bap tiate Dnmas (b. 1 



96 DUMAS' METHOD FOR VAPOURS. 

pressure of the atmosphere are noted, and the open 
point is immediately sealed by means of a blow-pipe. 
The globe is now withdrawn from the bath, washed and 
weighed with the greatest care ; the weight — say 9*7 
grammes — is the weight of the globe full of the vapour 
at the temperature of the bath — say 200° — and at the 
observed atmospheric pressure, which we will suppose 
to remain constant at '7 6m. The next point is to 
ascertain the exact volume of the globe, so that we may 
know the bulk of air and the bulk of vapour contained 
in it ; for we shall not consider here the amount of 
expansion undergone by the globe itself when heated, 
though in practice all such minutiae have to be carefally 
allowed for. The bulk of the globe is found by breaking 
off the end of the neck of the globe under mercury ; 
the mercury then enters and fills the whole globe (if all 
the air has been expelled) except the minute space 
occupied by the condensed vapour. If any bubbles of 
air remain, as is almost invariably the case, they have 
to be allowed for in the subsequent calculation. When 
the globe is full of mercury, the latter is emptied out 
into a graduated cylinder, and measured ; this will give 
us the capacity of the globe ; we will suppose it to be 
•28 litre. Our data,, then, are — 

Capacity of the globe ... ... ... '28 litre 

Weight of globe and air at 0® •76m. barometric ) -. « 
pressure ... ... ... ... j ° 

Weight of globe and vapour at 200® •76m. ) „.„ 

barometric pressure ... ... . . . ) " 

10 grammes is the weight of the globe, together 
with -28 litre of air at 0** •76m, barometric pressure. 
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•/ 11-2 litres of air at 0' '76 m. R P. weiglil4*4 grammes 

14-4 

14*4 

= •36 

Hence the weight of the globe by itself is (10 — '36), 
or 9*64 grammes. 

But, since the weight of the globe by itself is 9*64 
grammes, and the weight of the globe and vapour to- 
gether is 9*7 grammes, it follows that the weight of 
the vapour is (9*7 — 9*64) or '06 gramme. Hence 
•28 litre of the vapour, at 200° 760 millimetres baro- 
metric pressure, weighs '06 gramme. All that we 
now have left to do is to find the weight of the same 
bulk of hydrogen at the same temperature and 
pressure. 
•.• (1 + 200X*00366) Utre of hyd. at 200° becomes 1 Utre at 0°. 

1 ^ 

" " 1+200X -00366 " 

1 



•28 



1-732 
•28 



1-732 

= -1617 litre at 0° nearly, 
or 161-7 cubic centimetres. 
Now 
*.• 11*2 litres of hydrogen at 0° weigh 1 gramme 

•1617 



.-. 1671 



J» >J f> .l.O '» 



ir2 

= -01444 gramme nearly. 

Hence '28 litre of hydrogen, at 200° '76 metre baro- 
metric pressure, weighs '01444 gramme while the soiae 
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bnik of theTspotir,at the same temperature and presEiare, 
weighs '06 gramme, i.e. very nearly foar times as 
much as the hjdrogen ; hence, the relatiTo weight of 
hydrogen being the standard of comparison, that of 
the vaponr whose relatiTe weight we have jnst fomid is 



more accurately 



= 4'155. Dumas' 



■01444 

method caa be summed up in these words ; — we find 
the weight of a certain known bulk of vapour at an 
ascertained temperature and pressure ; and we com- 
pare it with the weight of a like volume of hydrogen 
at the same temperature and pressure, 

(2.) Gaj-Lussac's Method. — A small glass bulb, a, 
(Fig. 32} is weighed, and, after 
being completely filled with the 
liquid whose vaponr has to be 
examined, it is hermetically sealed 
and weighed again. The differ- 
ence between the two weights is 
the weight of the liquid, say '08 
gramme. It is then carefully 
passed up a graduated glass tube, 
c, that is filled with mercury and 
stands in a mercury bath, B. A 
large glass cylinder, d, open at 
both ends, is then lowered over 
the 'tube, so that one end shall 
be beneath the mercury in the 
bath; and water, oil, or some 
other transparent liquid is ponred into it bo as 
to envelop the tube completely. The bath is now 
heated; the mercury becomes hot and, by its agency, 




Fig. 32. 
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the water or the oil in the cylinder becomes hot 
also. The liquid in the glass bulb rises in tempera- 
ture, expands, and, after bursting the bulb, gradually 
evaporates and forces down the mercury in the tube. 
The oil in the cylinder is well stirred so that the 
temperature may be uniform throughout ; and, when 
all the liquid in the tube has passed into vapour, 
the temperature of the bath is urged to the point at 
which the determination is to be made. When this 
temperature is approximately arrived at, we have to 
observe the bulk of the vapour in the tube ; this is 
done by noting the upper level of the mercury in the 
tube. We must also know the pressure to which the 
vapour is subjiected ; there is the atmospheric pressure 
acting upon it, and this pressure is ascertained by 
means of an ordinary barometer ; but this is partially 
counterbalanced by the column of mercury in the tube 
containing the vapour. These observations give us 
the bulk of a certain known weight (*08 gramme in 
our example) of the vapour at an ascertained tempera- 
ture and pressure. Disregarding the pressure, let us 
suppose that the vapour has driven the mercury down 
the tube so far that the mercury stands at precisely the 
same level inside and outside the tube; and let the 
bulk of -08 gramme of the vapour at 150° be 24-2144 
cubic centimetres. 

Thus -08 gramme of the vapour at 150° -76 metre 
barometric pressure occupies 24*2144 cubic centi- 
metres. We have now to find the weight of the same 
bulk of hydrogen at the same temperature and pressure 
in order that we may be able to say how much heavier 
the one is than the other. In ttie a«»?Ki^ -^^^ ^.% \i^Vs^^. 
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it is found that 24*2144 cubic centimetres of hydrogen, 

at 150** '76 metre barometric pressure, weigh •00139 

gramme, and hence the relative weight of the vapour, 

•08 
as compared with hydrogen, is ./xqiqq or 57 •554. Gay- 

Lussac's method is the reverse of Dumas' ; we find the 
hulk of a known weight of the vapour — ^not the weight 
of a known bulk. The advantages, as well as the dis- 
advantages, of this method are very great ; we can 
make a great many observations at different tempera- 
tures vdth the same quantity of vapour and have not the 
trouble of weighing, &c., for each experiment. But 
the mercurial vapour that is formed in the tube gives 
rise to inaccuracies, especially at higher temperatures. 
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EVAPOEATION. 

Liquids, when exposed to the air, gradually disappear 
even at ordinary temperatures, but much more 
rapidly at high temperatures. This phenomenon is 
called evaporation, and the liquid is said to evaporate. 
But, when this evaporation goes on with such rapidity 
as to cause bubbles of the vapour of the liquid to pass 
speedily through the liquid, the liquid is said to boil or 
to be in a state of ebullition. 

If a certain weight of water, say 1 kilogramme, is 
heated from 0° to 100°, it has at the latter temperature 
a certain quantity of heat in it ; and, if the source of 
heat is removed, the water will gradually assume its 
original temperature. But, if the source of heat is not 
removed, the water at 100° will continue to receive 
as much heat as before (i,e, in the same time) and will 
boil away into steam. Now the temperature of the 
steam is the same as that of the water ; and the tem- 
perature of the water never rises above 100°, though 
it is receiving the same quantity of heat as before 
when its temperature rose to 100°. Hence the change 
which the heat effects in water at 100° is not change of 
temperature, but change of physical condition, change 
of state^ change of material form. Th^ lax^<^ o^^^x^k^^^ <^1 
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heat absorbed by water at 100**, in order to beconie steam 
at 100°, all goes towards producing this change in the 
physical condition of water. Conversely, if steam at iOO* 
is condensed into water at 100°, it gives out the large 
quantity of heat that it formerly received. Absorption 
of heat occurs during the passage of a liquid into the 
gaseous state, and evolution of heat occurs during the 
passage of a gas into the liquid state. There is more 
heat in steam at 100° than is sensible to the touch or to 
the thermometer — but it is not in the steam as heat ; it 
is there in another form. Steam, in this respect, stands 
to water in much the same relation as that in which 
coals stand to smoke and ashes ; the coals may be at 
the same temperature as the smoke and ashes, but they 
are capable, by a simple process, of giving out a large 
quantity of heat. We distinguish between sensible or 
actual heat which is rendered evident by the thermo- 
meter, and those forces which have no action on the ther- 
mometer, but can easily be converted into senable heat. 
We call the former actual, or sensible heat^ and the 
IdiiiQT potential heat. Potential heat is not heat, in the 
ordinary sense of the term ; it is a form of expression 
used to indicate certain forces which can be converted 
into heat, and it is these forces which exist in steam 
and produce the large quantity of heat that is evolved 
when steam condenses. There is a great store of 
potential heat in coals and other combustibles. 

When the presence of potential heat in steam was 
first discovered by Joseph Black (1728-99), of 
Glasgow and Edinburgh, about 1760, it was supposed 
that the heat was concealed in some inscrutable way in 
the steam, as heaty and it was called latent keat^ a term 
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very generally employed in modem works. The latent 
or potential heat of a vapour is the heat that disappears 
as heat — or is converted into other forces — when the 
vapour is formed ; it is the force or forces which become 
converted into actual heat when the vapour condenses 
into a liquid. 

The following simple experiments will demonstrate 
the disappearance of heat during evaporation and the 
reappearance of heat during condensation. If a few 
drops of ether are poured upon one of the bulbs of a 
thermoscope, the liquid in the stem rapidly rises towards 
the wet bulb, showing that that bulb has been cooled 
below the temperature of the other bulb. The 
ether, as it evaporates, requires heat in order to 
become vapour and withdraws heat from the bulb. 
Alcohol, dropped upon the hand, produces a sensation 
of cold because, being readily volatile, it passes into 
the gaseous state rapidly and causes the transformation 
of a large quantity of heat into other forces ; the heat 
required for this purpose is withdravra from the hand, 
and the forces into which it is converted are resident in 
the alcohol vapour. 

• 

The " Anaesthetic Spray Producer " of Dr. Eichard- 
son, F.R.S., an instrument used in some surgical opera- 
tions, is founded on this principle. " The apparatus 
(Fig, 33) consists simply of a graduated bottle for 
holding ether ; through a perforated cork a double tube 
is inserted, one extremity of the inner part of which 
goes ta the bottom of the bottle. Above the cork a little 
tube, connected with a hand-bellows, pierces the outer 
part of the double tube, and communicates by means 
of the outer part, by a small aperture, Y?tt!i thft mtQ.tlQr 
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of the bottle. The inner tube for delirering the ether 
mns upwards nearly to the extremity of the onter 




The hand-bellows referred to consistB of a 
flexible indiarubber tnbe that has two enlargements ; 
one of these, a, is provided with a valve (v) opening 
inwards. When a is compressed, the air within it is 
forced along the tnbe into the graduated bottle ; when 
the hand is removed from a, the latter, being elastic, 
resumes its former shape, and air rushes in through the 
valve (v) which then closes ; a is compressed again, and 
this operation is repeated ae rapidly as possible. 
B serves as a reservoir for the air and causes the cur- 
rent to be more. continuous, "When the bellows are 
worked, a double current of airis produced, one current 
descending and pressing upon the ether, forcing it 
along the inner tube ; and the other ascending through 
the outer tnbe and playing upon the column of ether as 
it escapes through the fine jet." * If this continnona 

• Meii. Times and QoMtte. 1666, 1. 'Wft. 
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current of ether spray is passed upon the hand or any 
other part of the body, the temperature of that part is 
reduced to about — 20°, and the feeling is destroyed as 
in the case of a frost-bite. During this " local anaes- 
thesia,'* an operation can be performed on the part 
without causing the patient much pain. 

Water evaporates slowly at ordinary temperatures ; 
so slowly indeed, that there is not generally any sensible 
disappearance of heat. But, by special contrivances, 
we can prove that heat does disappear in all such cases. 
For instance, a thermometer, the bulb of which is sur- 
rounded with a wet rag, always marks a lower tempera- 
ture than an ordinary thermometer. Some liquids, 
as mercury at — 10° and hydric sulphate at 15°, do not 
evaporate at all at certain temperatures. Water evapo- 
rates even when solid ; if the ground is covered with 
snow at the commencement of a long frost, the snow 
will be observed to disappear gradually, the ground be- 
neath becoming visible. Water can be made to freeze 
by its own evaporation, one portion evaporating and re- 
moving heat from the rest. WoUaston's * Cryophorus 
consists of two glass bulbs connected together by a 
piece of glass tube as shown in Figure 34. The bulb a 
contains water, and is surrounded with wool or some 
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Fig. 34. 



* William Hyde WoUaatoTi (,\^^^— \^'^%^, 
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other non-conducting material; the other bulb, b, is 
empty, and is placed in a freezing mixture. The space 
unoccupied by the liquid, being exhausted of its air, 
becomes rapidly filled with aqueous vapour which is im- 
mediately condensed in the cold bulb ; more vapour is 
at once formed in the space and again condensed, and 
this process goes on until the remaining water freezes. 
The wool around a is to prevent the external air from 
supplying the heat which is required by the water 
before it can pass into the state of vapour. Another 
way of fr^zing water by its own evaporation is that 
proposed by Leslie. He succeeded in freezing water by 
placing it over hydric sulphate in the exhausted receiver 
of an air-pump, which was kept working the whole time; 
the receiver was no sooner filled with aqueous vapour 
than the latter was removed, partly by the action of the 
pump, and partly by being absorbed by the sulphate. 

If steam at 100" is passed into water at 0**, the steam 
is condensed and the temperature of the water rises 
rapidly, and at last reaches 100°, at which point the 
steam no longer condenses, but passes unchanged 
through the water. If a gramme of water at 100° is 
mixed with another gramme of water at 0°, we obtain 
2 grammes of water at 50° (very nearly) ; but, if a 
gramme of steam at 100° is mixed with, or passed 
into, a gramme of water at 0°, we obtain 1*19 gramme 
of water at 100°, ue, nearly li gramme, while the rest 
of the steam, nearly ^ gramme, remains uncondensed. 
Hence it is evident that steam at 100° contains a large 
quantity of potential heat— energy that can be con- 
verted into heat. Fig. 35 shows an arrangement for 
determining the quantity of potential energy in steam 




Fig. 3S. 
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at 100°, orer and above 
the quantity in water at 
100°. The flaak, a, con- 
t^OB pure water that is 
being boiled; the steam 
formed is caused to pass 
into a weighed quantity of 
water at 0° contained in a 
graduated glass vessel, b. 
If 587 kilogrammes of 
water at 0° are-pnt into b, 
temperatnre will be 
raised to 100° when 1 
kilogramme of eteam has 
been condensed ; we shall then hare 6-3? kilogrammes 
of water at 100°. The bulk of the water will he in- 
creased by about one-fifth, the level of the water rising 
from a to & ; but a portion of this increase of bnlk is 
due to the expansion of the water when heated from 
0° to 100*. 

From this experiment it is evident that 1 kilogramme 
of steam at 100°, if condensed into I kilogramme of 
water at 100°, gives out safficient heat to raise the tem- 
perature of 5'37 kilogrammes of water from 0° to 100°, 
which is, as we shall afterwards show (p. 144), verymuch 
the same thing as raising the temperature of 5-37 
kilogrammes of water from 0° to 1°. Now, the quan- 
tity of heat required to raise the temperature of 1 
gramme of water from 0° to 1° is taken as the standard 
quantity of heat, and is called 1 unit of heal. Some- 
times the quantaty of heat required to raise the tem- 
perature of 1 kilogramme of water from 0° to L° ia 
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taken as the standard. In order to distingnisli these 
two units of heat from each other, the former is called 
a gramme-unit, and the latter a kilogramme-unit of 
heat; but, as we shall always use the gramme-unit 
of heat, the distinguishing affix will be unnecessary. 
What is said of kilogrammes will apply equally well to 
grammes, as thus — 1 gramme of steam at lOO* in con- 
densing to water at 100** evolves heat sufficient to raise 
the temperature of 5*37 grammes of water from 0* 

tor. 

It follows, from what has been already explained, 
that, when one kilogramme of steam at 100® is con- 
densed into water at 100**, a quantity of potential 
energy is converted into heat, and the heat thus pro- 
duced amounts to 537000 units of heat. Two kilo- 
grammes of steam will, in the same way, cause the 
evolution of twice 537000 units of heat. The only 
difference between water at 100** and steam at 100* is 
that the latter is the same as the former plus a certain 
known quantity of potential heat. When 537 units of 
heat are added to one gramme of water at 100°, the 
water becomes steam at the same temperature, and the 
537 units of heat are converted into potential heat. 
This potential energy can be withdrawn from steam by 
certain contrivances, and it is then obtained in the 
form of sensible heat ; 537 units of heat are thus pro- 
duced by the condensation of a gramme of steam at 
100** into water at 100°. 

It will be shown further on (p. 114), that water can 
be made to boil at any temperature by altering the 
atmospheric pressure upon it, so that steam may, at 
any temperature, be converted into water at that 
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temperature. Now it has been fonnd that, as the tem- 
perature of the steam diminishes, the heat given out 
by the condensation of the steam is greater in quantity ; 
but, as the temperature rises, the heat given out 
diminishes in quantity. This is shown in the following 
table : — 

Potential Heat of Steam. 

Temperature. Potential Heat. Poi^ntS^^^eat 

0° 606-5 606-5 

50° 571-6 621-6 

100** 537 637 

200** 464 664 

It was formerly thought that the sum of the tempera- 
ture and of the potential heat gave, in all cases, the 
number 637 ; but this has been proved not to be so, 
as the third column in the above table clearly shows. 
A convenient formula has been devised by the aid of 
which we can find approximately the potential heat of 
steam at any temperature ; this formula tells us that 
the sum of the potential heat and of the temperature of 
steam is equal in all cases to — 

606-5 + (-305 X the temperature). 

Hence the potential heat of steam at any temperature 
is equal to — 

606-5 + ('305 X temperature) — the temperature. 

Thus the potential heat of steam at 200°, i.e. the 
quantity of heat given out when steam at 200° becomes 
water at 200% is— 

606-5 + (-305 X 200) — 200 = 606-5 + 61 — 200 
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a number not very far removed from the true one, 

464. 

The following table gives the potential heat of other 

vapours at the boiling points of their liquids when 

under the ordinary atmospheric pressure :— 

Ether ... boils at 35* ... potential heat 90 
Bromine „ 60** ... „ 45*6 

Alcohol „ 78** ... „ 209 

Turpentine „ 159* ... „ 69 

Examples on Potential Heat. 

1. What weight of ether-vapour at 35* mnst be 
passed into 3 kilogrammes of water at 0** in order to 
raise the temperature of the latter to 35*^? 

In order to raise the temperature of 3 kilogrammes 
of water 35 degrees, we must add three times 35000 or 
105000 units of heat to it. Now, since 1 gramme of ether- 
vapour at 35° in condensing gives out 90 units of heat, 
it follows that 105000 units of heat are evolved by the 

condensation of — — — grammes of the ether- vapour, 

i. e. 1 • 1 667 kilogramme. 

2. Alcohol-vapour at 78° is passed through a spiral 
tube surrounded with 10 grammes of water, the initial 
temperature of which is 0°. What weight of alcohol- 
vapour has passed through the tube when the tempera- 
ture of the water reaches 78°, supposing that the alcohol 
runs out of the tube directly it is condensed into a 
liquid at 78° ? The heating of the tube is to be disre- 
garded. The water must have had 780 units of heat 
imparted to it, and 1 gramme of alcol\ol-\«iiijo\3LT,m con- 
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densing to a liquid at 78°, evolves 209 units of heafc ; 
hence 3*732 grammes of alcohol- vapour at 78° have 
condensed into liquid alcohol at 78° when the 10 grammes 
of water at 0° have reached 78°. 

3. A flask containing 100 grammes of alcohol at 
78° is' immersed in a beaker that contains 90 grammes 
of water at 100°. How much of the alcohol will evapo- 
rate at 78°, providing that all the heat lost by the water 
goes to the alcohol? The water cannot evidently 
become colder than 78° unless it gives out heat to other 
objects besides the alcohol; hence the 90 grammes of water 
cool from 100° to 78°, i.e. 22 degrees, and therefore give 
out 90x22, or 1980 units of heat. Again, since 1 
gramme of liquid alcohol at 78° requires 209 units of 
heat in order to become vapour at 78°, it follows that 

1980 units of heat will evaporate -— x 1980, or 9*47 

grammes nearly. • 

4. What weight of water would be heated from 0° to 
1° (1) by the simple condensation of 3 grammes of bro- 
mine-vapour, (2) by that of 70 kilogrammes of the 
vapour of turpentine, (3) by that of 8*5 grammes of 
alcohol- vapour, each at the boiling points of their res- 
pective liquids ? — Ans, 136*8 grammes ; 4830 kilo- 
grammes ; 1'1765 kilogramme. 

5. What will be the temperature of 30 grammes of 
water taken at 10°, after passing into it 1 gramme of 
steam at 100° ? The 1 gramme of steam in condens- 
ing evolves 537 units of heat, and these raise the 30 
grammes of water from 10° to between 26° and 30° — the 
precise number must be found by the student. Suppose 
it is 28°. The 1 gramme of water at 100° mnst tko-ix \;s^ 
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regarded as cooling down to 28^, i.e. through 72 degrees, 
during which process 72 nnits of heat are given out, 
and this quantity of heat raises the temperature of the 
31 grammes of water from 28®. The answer is 32'2" 
nearly. This example will indicate to the student the 
method generally employed for ascertaining the poten- 
tial heat of vapours ; but so many corrections have to 
be made that the method, if fully described, would not 
be well understood at this stage. 

Gases are the vapours of liquids that boil at veiy 
low temperatures ; hence, when a gas is passed through 
a tube surrounded with ice, it will no more be condensed 
into a liquid than will steam when passed through a 
tube the temperature of which is 150® or 20(y*. But 
most gases will condense when passed through very cold 
tubes. For example, if sulphurous acid is passed 
through a tube surrounded with pure ether which is 
being compelled to evaporate very rapidly by transmit- 
ting air through it, the gas will be liquefied. Ether 
boils at 35®, and, when it evaporates rapidly, the 
temperature is lowered to — 30®. Liquid sulphurous 
acid boils at — 10*5®, and, when compelled to evaporate 
very rapidly, the temperature is lowered to — 50®. 
If ammonia gas is passed through a tube surrounded 
with liquefied sulphurous acid which is rapidly evapo- 
rating, it is condensed to a liquid, for ammonia boils at 
about —34®. (See p. 87.) 

When water evaporates, the vapour formed exerts a 
certain pressure upon all objects in contact with it, and 
this pressure is called its Tension. Consequently, if 
the Torricellian vacuum of a barometer is connected 
with a reservoir of water, the mercury will not stand 
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Fig. 36. 



SO high in the barometric tube ; the pressure of the 
atmosphere, in this case, is balanced by the pressure of 
the mercury and the tension of the aqueous vapour. 

In Fig. 36, the atmospheric 
pressure, as represented by 
B c (760 millimetres of mer- 
cury at 0°), is equal to the 
pressure of the mercurial 
column A together with 
the tension of the aqueous 
vapour above a. Hence 
the tension of the vapour is 
represented by a column of 
mercury of the height a b. 
If the space above A is made more capacious, the 
tension will still remain the same, since more vapour 
will be formed from the water in the reservoir. But, as 
the temperature of the water is raised, the tension of 
the vapour will increase ; more vapour will be formed 
from the water in the reservoir, and this vapour will 
press the mercurial column down the tube. When 
the upper level, a, of the mercury inside the tube is at 
the same level as the mercury outside the tube, the 
tension of the aqueous vapour is equal to the pressure 
of the atmosphere. The temperature to which the 
water in the reservoir must be raised, in order that the 
tension of its vapour may be equal to the atmospheric 
pressure, is 100° — the temperature at which water boils. 
Ether- vapour exerts this tension at 35°, alcohol-vapour 
at 78°, hydric acetate at 120°, mercurial vapour at 350°, 
and so on (see p. 88). But, directly all the liquid in 
the reservoir has evaporated, and nothing but vapour 
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remaine in the space abore the mercnry, the vapoar 
begins to follow the laws of gascH — its volnme begins to 
increase by a certain fraction for each rise in tem- 
peratnre of one degree. 

The following table ^tcs the tension of aqueona 
raponr at variong temperatures, the tension in each case 
being expressed in millimetres of mercury— (a b in the 
above diagram). 

Tenuon of aqoeons vapour. 











-30» 


-827 


60° 


148-79 


-10" 


2-093 


70° 


233098 


0" 


i-e 


80° 


354-643 










20" 


17-39 


100° 


780 


80° 


31-648 


160° 


3581-23 


40° 


64-906 


200= 


11688-96 



If the pressure of the atmosphere were reduced from 
760 millimetres to 535-45 millimetres, water would 
boil at 90°. The temperature at which a liquid boils 
is that temperature at which its vapour has a tension 
ecjoal to the pressure of the atmosphere ; and the lower 
this atmospheric pressure is, the lower also are the 
temperatures st which liquids boil : 
ether boils with great rapidity eren at 
the 0° when placed in the exhausted 
rer of an air pump. A flask of 
water (Fig. 37) is boiled, and is 
then tightly fitted with a cork while 
steam is still issuing from it. If a cold 
wet rag is placed aronnd the neck of 
the flask BO as to <^<iidft\ifift &q steam 
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in the space above the water, the liquid will imme- 
diately enter into ebullition, though its temperature is 
considerably below 100**. At the bottom of deep mines, 
water boils above 100°, but at top of high mountains 
it boils at so low a temperature as to be almost useless 
for culinary purposes. If articles of food are to be 
boiled at high elevations, the water used must be boiled 
under artificial pressure. Denis Papin (1647 — 1715) 
contrived an ingenious apparatus by means of which 
water can be boiled at any pressure greater than that 
of the atmosphere ; this apparatus, called Papin' s 
Digester, is much used in extracting gelatine from 
bones, an operation that requires the water in which 
the bones are digested to be at a very high temperature. 

It has been found that an increase or a diminution of 
pressure of 2*7 millimetres of mercury raises or lowers 
the boiling point of water by •! or 1-1 0th of a degree. 
This is true, to a certain extent, for other liquids also ; 
thus, ether boils at 35*1° when the pressure of the at- 
mosphere is 762*7 millimetres. It was supposed by 
John Dalton (1766 — 1844) that, since the vapour of 
ether at 35*^ has the same tension as that of alcohol at 
78°, and as that of water at 100°, the vapours of these 
liquids have the same tensions also at 25° (=35° — 10°), 
68° (=78°— 10°), and 90° (=100°— 10°) respectively. 
But this is found not to be the case except for very 
small intervals above and below the respective boiling 
points ; and, with this reservation, we may say that an 
increase or a diminution of pressure of 2*7 millimetres 
of mercury raises or lowers the boiling point of any 
liquid by *! of a degree. 

The pressure exerted by a gas is equal in ma^itude 
to the pressure exerted on the gae. \i "^^ «w^a^^^ ^^ 
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in a tube, we can increase the pressure of the gas by 
increasing the pressure upon it, and we have already 
seen that the volume occupied by a gas diminishes as 
the pressure increases. But, if we go on increasing the 
pressure, we at last reach a limit ; a gas will not exert 
more than a certain pressure. If we endeayonr to 
compel it to exert a greater pressure, a portion of 
it becomes liquid, and the pressure of the remaining 
yapour is the same as before. This greatest pressure 
is called the Maximum Tension of the yapour, and a 
yapour exerts its maximum tension when any increase of 
pressure upon it will liquefy it. The table on p. 114 
gives the maximum tensions of aqueous vapour at 
different temperatures. When the yapour is exerting 
its maximum tension, it is said to be saturated. Hence 
ordinary gases are unsaturated vapours, and we can 
convert them into saturated vapours by two processes ; 
1st, by diminishing their temperature ; 2ndly, by 
increasing the pressure upon them. Thus, sulphurous 
acid is reduced, at the ordinary atmospheric pressure, to 
a saturated vapour at — 12®, ammonia at — 34*, car- 
bonic acid at — 78*, and so on (see p. 88). On the 
other hand, if ammonia is generated in a closed bent 
tube (Fig. 38), the pressure upon it is so great that 
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B it is liquefied, as at a. 

(See Barfs Chem. 
p. 117.) Sulphurona 
acid becomes liqaid if 
tbe pressure upon it 
is three times the ordi< 
nary pressure of the 
air. Carbonic acid is 
liqnefied at a high 
pressure in an appa- 
ratus called Thilorier's 
Condenser (Fig. 39). 
The first-mentioned process is made use of in dis- 
tillation ; the liquid required to be distilled is placed 
in a retort, the neck of which is connected with a cool- 
ing apparatus, e,jf. a tube around which a current of cold 
water is continnally running, as shown in Fig. 40. The 
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Fig. 40. 
liquid, when heated, passes oS gTBAwti!&5\xAa'^»^^«N 
and the vapour, as it enters ftie co\i ■?aA cS. 'Oo.* -wt^^ 
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condenses into a liquid and can be run off into a 
receiver. A process quite similar to this is always 
being carried on to a greater or less extent in nature. 
Water evaporates more readily when hot than when 
cold, and hence more aqueous vapour comes from the 
seas of the tropics than from those of the northern 
climates ; this vapour, when it reaches a cold locality, 
condenses, and the potential energy in it becomes con- 
verted into actual heat ; and thus, through the medium 
of aqueous vapour, there is a more equal distribution 
of temperature over the globe than if there were no 
such phenomena as those of potential heat. 

The boiling point of a liquid is influenced to a re- 
markable extent by the nature of the vessel in which 
the liquid is boiled. It will be remembered that, when 
showing how the boiling point of water is found for the 
purpose of graduating a thermometer, a metallic vessel 
was said to be used ; in a glass vessel, water boils a 
little above 100*", and it is noticed that the babbles 
of steam come off from certain points of the vessel. 
Water will not readily pass into the gaseous state 
unless the vessel in which it is being heated has many 
small projections, and very often, when heated in a 
smooth vessel, it boils in a convulsi^ manner. 

If a small quantity of water is thrown into a red-hot 
platinum crucible, it will not boil ; it enters into what 
is called the spheroidal state, forming small spheroids or 
globules of water that float about the crucible, resting 
not on the crucible but on a layer of aqueous vapoor. 
The temperature of the water in this condition never 
reaches 100° ; but, when the temperature of the crucible 
/bJIs, the water comes into coiitac;\i'mV)[v^^\iQ\>^xn^'^f^^ 
sad passes oflT rapidly into yapoux. 
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Questions on Evaporation. 

1. If water at 40"* is passed into the Torricellian 
vacuum of a barometer, by how much wiU the mer- 
curial column be depressed? Does the amount of 
depression depend on the size of the vacuum, and why ? 
What changes will take place if the tube is thrust down 
in the cup containing the mercury ? 

2. Explain why the table on page 114 gives the 
maximum tensions of aqueous vapour at different tem- 
peratures. 

8. The pressure required to liquefy a gas is less when 
the temperature of the gas is low than when it is high. 
Explain the reason of this. 

4. What becomes of the heat of the lamp when a 
liquid is distilled as described on page 117 ? 

5. It has been said that a snowstorm '^demonstrates 
just as rigidly the operation of heat as the action of 
cold.'** Explain this statement. 

6. Three barometers are taken; some alcohol is 
passed up the tube of one, some ether up that of 
another, and some water up that of the third. What 
will be the relative heights of the mercurial columns in 
the three tubes, supposing that an excess of liquid is 
used in each case ? In this experiment the upper part 
of the barometric tube is at first colder than the lower 
part beneath the mercurial column ; why is this so ? 

7. In what respects do gases differ from vapours ? 

8. Explain the effect of pressure upon the rate of 

* TyndaJI, " Heat as a moaie oi Uo'^cm;' ^A^'V. 
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expansion as exhibited in Regnault's experiments, 
page 67. 

9. What would be the effect of increasing the 
pressure and the temperature of a gas at the same 
time? 

10. What would be the effect of diminishing the 
pressure and the temperature of a gas at the same 
time? 

11. Steam at 100** is a very imperfect gas. How 
could it be rendered more perfectly gaseous without 
altering the temperature ? 

12. In Wollaston's ** Cryophorus," heat is withdrawn 
from the water to make it freeze. Explain precisely 
what becomes of this heat. 

13. A fall of rain in cold weather frequently causes 
the temperature to rise considerably. Explain the 
reason of this. 

Liquids evaporate not only in vacuous spaces (e.g, 
above the mercury in a barometric tube), but also into 
spaces already occupied by permanent gases, as, for 
instance, the atmosphere; but they evaporate more 
slowly — that is the essential difference ; the quantity of 
vapour formed is almost exactly the same whether the 
space was previously occupied by another gas or not. 
A natural example of this is the familiar case of the 
evaporation of terrestrial waters. The vapour is formed 
slowly from such waters, but the rate of evaporation is 
increased if the wind is high (because the vapour is 
carried away as soon as formed) and also if the tem- 
perature is high. The atmosphere always contains 
a certain quantity of aqueous vapour, sometimes more, 
sometimes less ; this vapour is coudeasft^ \xA.o iko^'q^ 
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globules in the upper and colder regions of the atmos- 
phere, and thus gives rise to clouds. After sunset the 
earth gives out more heat than it receives, and conse- 
quently becomes colder, and hence the lower strata of 
air in contact with it deposit moisture in the form of 
dew. 

The moisture of the clouds reaches the earth in 
various ways. A portion of it falls as rain, hail, or snow, 
and, running down the sides of hills, occasions streams 
and rivers. In many cases the condejised vapour does 
not reach the sea-level at once, but remains on high 
mountain-tops in the form of great masses of snow, 
which, however, gradually melt, and produce mountain 
torrents. Sometimes, however, the snow thus formed 
becomes consolidated into glaciers (masses of ice), 
which gradually work their way down the sides of the 
mountains to the sea, and by degrees melt away in 
mid-ocean. 

It is often necessary to estimate the amount of 
moisture that is present in the atmosphere at any given 
time. Instruments used for this purpose are called 
hygrometers (measures of moisture). The principle 
upon which most hygrometers are constructed is this : 
we determine at what temperature the vapour in the 
air has its maximum tension, i.e. at what temperature 
moisture just begins to separate from the air; this 
temperature is called the dew-point. When we know 
the dew-point, it is not difl&cult to calculate approxi- 
mately the absolute quantity of moisture in any bulk 
of the air. 

Daniell's Hygrometer (Fig. 41) consists of a closed 
glass tube, terminating at bofti ft^\x%kTK^\'Ke» ^s\.^s^QSsse»^ 
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and bent tmoe at right angles, 
as shown in the diagram. One 
bulb, A, ia empty, and is buT' 
loanded with moslin. The 
other bulb, b, is artificially 
blackened so that any moistore 
upon it can be readily aeen; 
'* this bnlb cont*ina eome ether, 
and also a thermometer that 
is partly immersed in the ether. 
The whole reata npon a stand, 
c, which carries another ther- 
mometer that indicatea the tem- 
perature of the air. If some 
ether ia poured on the mnslin 
aronnd a, the temperatnre of 
the bulb falls, and the ether- 
Tapoor within it, derivefd from 
the liquid in B, will become 
liquid. The space thoe ren- 
dered vacant will be instantly 
filled with more Tapour from b. 
The eraporafjon going on in b 
will lower the temperature of b, 
and thla process can be carried 
on until the bulb, b, is cold 
enough to cause dew to be de- 
posited upon it from the sur- 
rounding air ; the thermometer 
within B will then indicate the 
dew-point. If some ice is put 
into a -perfecA^ 4i^ \rasii>\aT, 
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the outside of the tumbler soon becomes wet from the 
deposition of dew, just as b becomes wet. 

Regnault's Hygrometer (Kg. 42) admits of much 
greater accuracy. It consists of two similar tubes, 
A and B, each fixed into a bright silver cup. A ther- 
mometer is fixed into the cork of each tube ; but b is 
also provided with a long glass tube open at both ends, 
the lower end being beneath some ether that is in b. 
The upper part of b is connected, as shown in the 
figure, by means of indiarubber tubing, o, with an 
aspirator or vessel full of water. When water is 
allowed to run from this vessel, it draws air along the 
tube D through the ether ; the temperature of the. tube 
b is thus lowered, and the moisture that is deposited 
on the bright silver cap is readily visible. Hence the 
thermometer in b will indicate the dew-point, while that 
in A will indicate the temperature of the air. 
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CHAPTER VII. 



LIQUEFACTION. 

Nearly all solids can be liquefied, except, of course, 
those that decompose below their melting points, and 
nearly all liquids can be solidified. The lowest melting 
point at present known is — 80°, the highest is about 
2000^ 

Speaking generally, a solid expands when it melts, 
that is, it occupies a larger volume in the liquid than 
in the solid state ; just as a substance always occupies 
a much greater volume when gaseous than when liquid. 
But some solids contract when they become liquid, and 
the liquids thus formed will expand again when they 
are solidified. An example of this behaviour is afforded 
us by ice and water. Ice contracts when it melts, and 
water expands when it freezes. If a test tube, half 
filled with water, is placed in a freezing mixture, and 
is withdrawn after a few minutes, the test tube will be 
found to be broken. It is in this way that water-pipes 
are broken in frosty weather, though the fracture does 
not become evident until the ice begins to thaw or 
melt ; for, so long as it is solid, it remains in the pipe 
as any other solid would do. Sometimes the pipes are 
rather elastic, and are therefore Btielclift^ \i^ >jJsi^ ^^x^x 
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in the act of freezing; but, as they do not contract 
again to their former bulk, a second fi*ost will be more 
likely to make them burst. The force exerted by water 
in expanding is enormous ; cast-iron bottles can be 
easily broken by filling them with water, then closing 
them and immersing them in a freezing mixture. If, 
during rainy weather, waters fills up a fissure in a rock, 
when the cold weather comes the water will freeze and 
burst the rock outwards. But the most general way 
in which rocks are broken up by freezing water is the 
following : drops of water get between the roughnesses 
on the surface of a rock, and, on freezing, disintegrate 
the surface, producing a small powder or dust. Tough 
clay soils are always ploughed before winter comes on, 
and are then left open to the weather ; the water gets 
in amid the clay, and in frosty weather freezes and 
causes the clay to swell up. When a thaw comes, the 
formerly tough earth more or less completely falls into 
powder. 

Since ice occupies a greater volume than the water 
from which it was formed, it follows that ice must be 
relatively lighter than water. It floats on the surface of 
the water, thereby retarding to a great extent any 
further process of solidification. 1 cubic centimetre 
of water at 0° if frozen, forms 1*102 cubic centi- 
metre of ice at 0® ; from this fact we can determine 
the relative weight of ice at 0® as compared with water 
at 4^ 

1 c. 0. of water at 4° weighs 1 gramme, and becomes 
1-0001269 c. c. at 0°, (See page 60) j 

but 
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1 c. 0. of water at 0° forms 1*102 o. c. of ice at 0° 

.*. 1*0001269 0. 0. of water at (f forms 1*102 x 10001269 

«= 1*10214 cc. of ice at 0*». 
.*. 1*10214 c. c. of ioe at 0° weighs 1 gramme 

1 
.*. 1 c. c. „ „ 1*10214 — '®^ gnn. 

Hence the relative weight of ice at 0* is '907, as com- 
pared with water at 4*. The more accurate namber is 
*918. Increase of pressure preyents water from expand- 
ing, and the act of freezing causes water to expand ; 
hence increase of pressure and the actof freezing', in the 
case of water, are antagonistic. Water subjected to great 
pressure does not freeze at 0°, because it cannot expand. 
At a pressure of about 8 atmospheres (8 times 760 
millimetres of mercury) it freezes at — '059**; at a 
pressure of about 17 atmospheres, it freezes at — •129*; 
and ice at — 18° has been melted by increasing the 
pressure to 13,000 atmospheres. On the contrary, 
those substances that contract on becoming solid, be- 
come solid at higher temperatures when under great 
pressure, because, in this case, increase of pressure 
assists in the process ; thus sulphur at the ordinary 
pressure melts at 107°, but, under a pressure of 520 
atmospheres, it melts at 135°. 

Ice at 0°, if it is exposed to the flame of a lamp, will 
melt ; but the most delicate thermometer immersed in 
the liquid will not indicate any rise of temperature so 
long as any ice remains in the mixture, though a large 
quantity of heat is being poured into it. The water, 
into which the ice is converted by the agency of heat, 
is also at' 0°, and the actual heat of the flame has 
become converted into the potential heat of the water. 
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In water there are other forces at work than those that 
we find in ice, for the particles of water are more mobile 
and the force of cohesion is not so powerful. As we da 
not accurately know the precise nature of all the forces 
into which the heat is converted, we class them all 
together under the name of the potential heat of water — 
they are varieties of potential energy. Similarly, all solids, 
at their melting points, require a certain quantity of 
heat in order to become liquid without change of tem- 
perature, and the quantities of heat thus required are 
called the potential heats of the liquids. 

When a liquid becomes solid, the potential energy 
within it is evolved in the form of heat ; it is recon- 
verted into actual heat ; and a liquid will not become 
solid unless the potential energy within it is got rid of 
in some way. The quantity of heat absorbed (or con- 
verted into potential energy) during liquefaction is 
exactly equal in amount to the quantity of heat evolved 
during solidification. There is, consequently, a dis- 
appearance of heat during liquefaction, and an evolution 
of heat during solidification ; and these phenomena are 
most apparent when a solid is compelled to become 
liquid without artificially applying heat to it, and when 
a liquid is compelled to become solid without exposing 
it to a low temperature. If crystallised ammonic nitrate 
is powdered and then mixed with an equal weight of 
water, the nitrate, being readily soluble in water, will 
be compelled to dissolve, and consequently to become 
liquid. For this purpose it requires heat which, not 
being freely supplied, is abstracted in large quantity 
from the water, the containing vessel, and other sur- 
rounding objects ; water in a teat tvibe, \£ YKi\a!s««^^\s!k. 
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the mixture, will be frozen. The following are other 
examples of freezing mixtures : — 

Water '\ 

Ammonic nitrate > equal weights, reduces the temperature from 
Sodic carbonate j 10° to — 20° nearly. 

Snow 24 parts by weight j q© ^ «.20° 

Sodio chloride 1 »» >» ( " 

Snow 1 „ „ \ Qox^ 450 

Calcic chloride 2 „ „ ] " " to — 4D 

It was mentioned in a previous chapter (see p. 59) 
that water can be cooled far below its freezing point with- 
out freezing, bub the least agitation, or the introduction 
into it of a particle of ice, will cause it to become solid 
immediately. This solidification is accompanied with 
evolution of heat ; if the water is far below 0°, say at 
— 10°, when it is agitated, the process of solidification 
occasions the conversion of potential into actual heat, 
and the quantity of heat evolved is sufl&cient to raise 
the whole of the water to 0°. Water will dissolve a 
much larger quantity of sodic sulphate or of sodic 
hyposulphite when hot than when cold ; and, if it is 
saturated with one of these salts when hot, and is then 
allowed to cool slowly out of contact with the air, the 
whole of the salt will often remain in solution at the 
ordinary temperature. This solution is said to be super- 
saturated ; if it is agitated, or if one of the bulbs of a 
thermoscope is plunged into it, it will immediately 
become semi- solid and its temperature will rise con- 
siderably, as shown by the thermoscope. 

If 10 grammes of water at 0° are mixed with 10 
grammes of water at 100°, we obtain 20 grammes of 
water at 50° ; but, if 10 grammes of ice at 0° are mixed 
with 10 grammes of water at 100°, we obtain 20 
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grammes of water, at 10 '5®. The quantity of heat 
absorbed or converted into potential energy during the 
process of liquefaction is evidently that quantity which 
is sufficient to raise the temperature of 20 grammes of 
water from 10*5° to 50®; i,e. 20 grammes of water 
through 39*5 degrees of temperature. But the quantity of 
heat which will raise the temperature of 20 grammes 
39*5 degrees is equal to that which will raise the tem- 
perature of 20 times 39*5 or 790 grammes of water 
1 degree, i.e. 790 units of heat. Hence 10 grammes of 
ice at 0°, in order to become water at 0", require 790 units 
of heat ; and therefore 1 gramme of ice requires 79 
units of heat. We say that the potential heat of water 
is 79 ; by which we mean that 1 gramme or 1 kilo- 
gramme or any other weight of ice at 0*, in order 
to become water at 0°, requires an amount of heat that 
is sufficient to raise the temperature of 79 grammes, 
or 79 kilogrammes of water one Centigrade degree ; or, 
that the quantity of heat developed by the inverse pro- 
cess of solidification is sufficient to raise the tempera- 
ture of the above weight of water one degree. 

A more convenient way of arriving at the number 
79 from the experimental fact above given is the follow- 
ing. Any substance at any known temperature, say 
— 60% has a certain quantity of heat in it. Water at 
100° has a certain quantity, though we do not know 
how much ; but we do know how much more heat there 
is in 10 grammes of water at 100° than there is in any 
weight of water at 10'5° ; and, in finding out how much 
more heat there is, it is convenient to regard only the 
quantities of heat due to a change of temperature from 
0° to 100% and from 0° to 10*5% thus:— 

IS. 
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10 grammes of water at' 100^ contain 1000 units of heat mojre 
than 1 gramme at 0°. 

20 grammes of water at 10*5° contain 210 units of heat more 
than 1 gramme at 0°. 

.-. (1000—210) or 790 units of heat have apparently 
disappeared : since these have heen absorbed by jlO 
grammes of ice at 0*', each gramme of ice mast have 
absorbed 79 units of heat. In the above calculation, it 
must not be said that 10 grammes of water at 100* con- 
tain 1000 units of heat, for they contain much more 
heat than that : they contain 1000 units of heat + all 
the heat in 1 gramme of water at O"", and this latter 
quantity is unknown. 

When we say that the potential heat of liquefaction 
or fusion of sulphur is 9*4, we mean that 1 gramme of 
sulphur at its point of solidification (115®), in order to 
pass into the solid state without change of temperature, 
must evolve as much heat as would raise the tempera- 
ture of 9*4 grammes of water from 0° to 1^ The 
following table gives the potential heats of fusion of a 
few liquids : — 

Water at 0° 79 

Sulphur „ 115° 9-4 

Phosphorus ,, 44° 5 

Mercury ,,—40° 2-82 

The high potential heat of water partly accounts for 
the fact that it takes so long for natural waters to freeze ; 
but when once frozen, the ice takes a longer time to 
melt than any other solid under similar conditions. No 
liquid, at the temperature at which it becomes solid, 
contains within it so much potential energy as water does 
at 0°. During a long and bitter winter, all natural waters 
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are continually giving up their potential energy in the 
form of heat ; thus, to a very great extent, moderating 
the excessive cold. Some of these waters give up at 
last all that potential energy to which they owe their 
liquid state, and become frozen. This ice, during the 
summer, absorbs a large quantity of the heat emana- 
ting from the sun, and stores it up within itself as 
potential energy which is reconverted into sensible heat 
during winter. But there is another circumstance that 
has a great effect upon the temperature of natural 
waters, and it is to this to which we must now pay 
special attention. 



Questions on Liquefaction. 

1. Water expands when cooled from 4 to 0°. Why 
does not this cause water-pipes to burst in winter in the 
same way as the freezing of water does ? 

2. A glass tube, sealed at both ends and almost full 
of water, is surrounded with ice ; after a time, the tube 
is found to be broken, but the water within it is not 
frozen. Explain this. 

3. Taking the relative weight of ice at 0° as -918, 
deduce the amount of expansion undergone by water on 
freezing. 

4. What becomes of the potential energy of water 
when it is frozen by being immersed in a freezing 
mixture ? 

5. How much water at 100** must be added to 1*35 
kilogramme of ice at 0° in order that the mixture, aftjsr 
total fusion of the ice, may be 0% 10% and 20°? 
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— Ans. 1066*5 grammes; 1335 grammes; 1670*625 
grammes. 

6. In the previous question, what weight of steam 
at 100^ most be used in each case? — Ans. 167*425 
grammes ; 191*627 grammes ; 216*613 gprammes. 

7. What weight of water at 100* is required to melt 
3*5 cubic centimetres of ice at 0* (relative weight *918)? 
^Ans, 2*537 grammes. 

8. What weight of steam at 100* most be passed 
into 1*2 litre of ice at 0* in order that the mixture may 
be at 50^ l-^Ans. 242*09 grammes. 

9. What weight of water at 100* is required just to 
melt 8*55 grammes of phosphorus at 44®? — Ans. 763*4 
milligrammes. 

10. If 25 kilogrammes of water at 95 are mixed 
with 55*5 grammes of ice at 0®, what will be the tem- 
perature of the mixture after total fusion of the ice ? — 
Ans. 94*6^ 
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SOME EFFECTS OF HEAT. 

We have already had examples of some of the most 
important effects of heat on matter. There is, in fact, 
no property of matter, except weight, that is not to a 
greater or less extent influenced by heat. We have 
seen that heat will produce a change in the physical 
state of a substance ; it will cause a solid to pass into the 
liquid state, and a liquid to pass into the gaseous state. 
And these changes we have just studied, both quali- 
tatively and quantitatively ; we have studied not only 
what sort of change takes place, but also what quantity 
of heat is required to produce a certain quantity of change. 
But, of all the effects of heat, the most evident is 
change of temperature. When heat is applied to a 
substance, it almost invariably causes the substance to 
become hotter ; the principal exceptions to this state- 
ment are solids at their melting points and liquids at 
their boiling points. 

We have now, therefore, to answer the question — 
What quantity of heat is required to raise the tempera- 
ture of any particular substance, say from 0° to 1®, or 
from 180* to 181°, and so on? But the following con- 
siderations will show that this question cannot at present 
be answered by direct experiment •, wi^/\i «waw^'t^^ ^ 
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all, the answer must, with our present store of know- 
ledge, be wholly theoretical. When a substance, say 
sulphur, is heated from 0° to 1®, a certain amount of 
heat is used up ; this heat produces a certain quantity 
of change in the sulphur, and is got back again when 
the sulphur cools down to its former temperature, 0®. 
Now this quantity of heat can be easily determined, as 
will be afterwards shown ; if the weight of the sulphur 
thus heated was 5 grammes, the quantity of heat used 
up, when its temperature rises from 0° to 1®, is found to 
be about 1 unit of heat. But change of temperature is 
not the only change produced in the sulphur when it is 
heated from 0** to V : the sulphur also undergoes change 
of bulk or volume — ^its particles separate from one 
another; and this change is effected by the heat. Change 
of bulk and change of temperature are simultaneous, 
and the 1 unit of heat produces both these changes in 
the 5 grammes of sulphur* There are likemse other 
changes produced in matter simultaneously with those 
just mentioned. A crystal sometimes changes its 
crystalline form when heated, e.g. octohedral sulphur, 
when heated between 100° and 110°, is converted into 
prismatic sulphur. Phosphorus exhibits other remark- 
able changes, and pyroelectric crystals still others. 
Again, rise of temperature is not always accompanied 
with increase of volume, as in the cases of Rose's fusible 
metal, water below 4**, &c. 

When, therefore, we say that 1 gramme of sulphur, 

in rising from 0° to 1°, requires l-5th of a unit of heat, 

we understand that a certain unknown proportion of this 

1-5 th of a unit is employed in effecting change of 

volume, as well as other changes mox^ ot W^Tw^T^^-wa.-. 



SOME EFFECTS OF HEAT. 185 

that a certain qnantity, in other words, is converted into 
potential energy of some kind. When ice at O'is acted 
upon by heat, all the heat is converted into potential 
energy ; the same occurs with water at 100^, or with 
alcohol at 78^ When water at 0** or ether at 10** is 
acted upon by heat, only a portion of the heat becomes 
potential ; the rest remains sensible, raising the tem- 
perature of the body. 

Not being acquainted with the precise nature of all 
the changes that bodies undergo when heated, we 
must be content with the knowledge of the quantity 
of heat required to produce a certain change of tem- 
perature together with the other simultaneous changes 
of bulk, crystalline form, &c. ; and in the following 
chapter we shall study this subject ; omitting, how- 
ever, the quantity of heat required to produce change 
of physical state, since this has already been consi- 
dered. 

In anticipation it may be stated that we should be 
led a priori to the conviction that equal bulks of any 
two solids, as platinum and tin, or of any two liquids, 
as mercury and water, would require different quanti- 
ties of heat to raise them one degree in temperature ; 
because the rate of expansion, and probably therefore 
some of the other changes (as, for instance, the force 
of cohesion), are greater in the one than in the other. 
The amount of potential energy in gases is so great, 
that in the majority of cases we lose sight of any 
attractive force between the gaseous particles. The par- 
ticles of a gas, like all other particles of matter, attract 
one another; but there is also a force of repulsion 
Bmongst the particles, and tliia ioxci^ \^ %s>^».%<:sv^^s^^ 
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to and (in the case of perfect gases) greater than that 
of attraction. Hence probably the onlj change, besides 
that of temperature, which a gas undergoes, when 
heated, is change of bulk ; and, since this change is 
practically the same whatever gas we experiment upon, 
we might well expect that the same quantity of heat 
would be required to raise, from 0* to 1*, the tempera- 
tures of equal volumes of air, hydrogen, nitrogen and 
other permanent gases. The only work that the heat 
has to do in each case is to raise the temperature of the 
gas, and to increase its volume, i,e. to overcome the 
pressure of the atmosphere, this pressure being practi- 
cally the only force preventing gaseous expansion. 

How far these theoretical considerations are in 
accordance with fact will be seen in the next chapter ; 
but it is on account of them that we treat the subject 
under two heads : — (1) Solids and Liquids, (2) Gases, 
including Vapours. 



Question. 

Why should we suppose that equal volumes of differ- 
ent gases require the same quantity of heat to raise 
them one degree in temperature, and not equal weights? 
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EELATIVE HEAT. 
I. — Of Solids and Liquids. 

If 1 gramme of water at 100** is mixed with 1 gramme 
of water at 0°, the result is 2 grammes of water at 50^ 
But, if the gramme of water at 100° is mixed with a 
gramme of mercury at 0** and the two liquids are 
well shaken up together so as to be as nearly as possible 
of the same temperature, we find that the temperature 
of the water or of the mercury is between 96** and 97**. 
We have to remember that the containing vessel also is 
heated, and that the surrounding air carries away a 
certain quantity of heat. Hence, in a rough experi- 
ment, the temperature actually found is much below 
96** ; but, if we allow for the heating of the vessel and 
of the air, the temperature of the liquids after agitation 
— none of the heat being lost — is 96*8** very nearly. The 
water has lost 3*2 units of heat, and this quantity of 
heat was sufficient to raise the temperature of a gramme 
of mercury 96*8 degrees. 

.*. 3*2 units of heat raise 1 gramme of mercury 96*8 degrees. 

•• „ „ „ „ 1 degree. 

96-8 

i.e. the quantity of heat Teqm.6v\A \iO xm^^^ \»as^t.*^- 
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ture of a gramme of mercury one degree is eqnal to 

3-2 
that which will raise q^ or '033 gramme of water one 

degree (or -033 unit of heat). The number -033 is 
called the relative, or, more commonly, the specific heat 
of mercury ; '033 represents the relative quantity of 
heat required by mercury as compared with that 
required by an equal weight of water. The relatiye 
heat of water is taken as unity in the same way as its 
relative weight is. 

If 1 gramme of iron at 100** is thrown into 1 gramme 
of water at 0** and is well shaken, the temperature of 
the whole is about 10*22**, allowing, as before, for the 
necessary errors. The water has acquired 10*22 heat- 
units, and this quantity of heat was evolved when the 
temperature of 1 gramme of iron fell from 100** to 
10-22**; hence 

10 '22 heat-nnits will raise the temperatiire of 1 gr. of iron, 

89-78 degrees. 
10-22 -N 
•*• 89-78 [ „ „ „ „ 1 degree, 

or -1138-^ 

The relative heat of iron is therefore '1138. 

If 1 gramme of mercury and 1 gramme of water at 
the same temperature are put into perfectly similar 
vessels and exposed to the same source of heat, the 
mercury becomes much hotter than the water does in 
the same tifne. Thus, if the initial temperature of each 
is 15**, and, after the lapse of one minute, the temper- 
ature of the mercury is 20", that of the water will be 
15*165**. Equal quantities of heat have been supplied 
to each, viz, '165 unit of heat. TVi\s \i«i& x^aa^dtAva 
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temperature of the wat«r '165 of a degree, bnt that of 

the mercury 5 degrees. Now 

'.' '165 unit of heat will raise the temperature of 1 gr. of mercoTy 
5 degrees. 

■•. -165 1 

5 f „ II II n 1 degree. 

or -033 ' 

We arrive at the same number '033 if we allow 

equal weights of mercury and of water at 100° to cool 

down to 15°; the water taking longer than the mer~ 

cury in the proportion of 1 to 'OSS. This mode of 

detenuining the relative beat of a eubstance is called 

the method of cooling. 

The relative heats of various Bubstances have been 

found, the methods employed being three in namber. 

(1) The '^method of cooling" was proposed by Dulong 

and Petit, but it Ib not very accurate. (2) Lavoisier" 
and Laplacef constructed an 
apparatus similar to that repre- 
sented in Figure 43. Three 
vesHels, A, B, and o, were 
arranged as shown, the space 
between a and b and that be- 
tween B and c being filled with 
ice. A certain weight, say 1'5 
gramme of tin at 100*, was 
pot into 0, and o was then 
closed by a sheet of ice. The 
Fig. 43. *•" '1 " c™l6d down to 0°, 

melting the ice in b ; this melted 

• Anthony Lawrence Laroinier (17*3—1791). 

f Peter Simon, MarqmB da La-E^wi W^'^-'^^l-'^^- 
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ice ran down into the vessel d, and was carefollj weighed 
after the experiment. The vessel, a, with its contained 
ice, was for the purpose of preventing any of the ice in 
B from being melted by the hot air of the room ; the 
water that was formed from the ice in a was allowed to 
run off. Suppose that the quantity of water which ran 
into D was 106*7 milligrammes. Each gramme of ice 
melted requires 79 units of heat ; hence 1'5 gramme of 
tin, in cooling from 100** to 0% gives out (-1067 x 79) 
units of heat ; t . e, 

1*5 gramme in cooling 100 deg. gives ont 8*43 units of heat 

8*43 
.'. 1 gramme „ 100 „ „ y^ „ 

.*. 1 gramme „ i „ „ jg^ „ 



= -0562 



» 



and the relative heat of tin is '0562. This method 
also is objectionable, because it is very difficult to 
collect all the water that is melted. (3) The third 
method is that known by the name of the *' method of 
mixtures : a certain weight of water at a known tem- 
perature is mixed with a certain weight of the sub- 
stance to be examined at some other known temperature ; 
the two are well agitated together, and the temperature 
of the whole is observed. Several corrections, as 
already indicated, have to be made; but Regnault 
succeeded, by means of an elaborate apparatus, in ob- 
taining the following numbers which he regards as 
approximately accurate. 
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Name of substance. Belative Heat. 

Water I'OOOO 

Crystallised boron '25 

Liquid phosphorus '212 

Glass -19768 

Crystallised silicon '1774 

Diamond -14687 

Iron -1138 

Brass -09391 

Silver -057 

Tin -0562 

Iodine -0541 

Mercury -0332 

Lead -03065 



Questions on Relative Heat. 

1. A gramme of ice at 0** requires a greater weight 
of mercury at 100° than of water at 100° to melt it 
completely. Why so ? What weight of mercury at 
90° will melt 3 grammes of ice at O^'l—Ans. 79*317 
grammes. 

2. How much longer does water take to cool from 
100° to 80° than an equal weight of boron? — Ans. 
Four times as long. 

. 3. 40 kilogrammes of boron at 50° are mixed with 
20 kilogrammes of water at 15°, The temperature of 
the water is found to be 26*7°. Find the relative heat 
of boron. 

The boron cools 23*3 degrees', t\iis \& ^«^v?^<5V3^» \s» 
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40 times 23*3 kilogrammes cooling one degree. The 
quantity of heat given out has heated the water 11*7 
degrees, or has heated 20 times 11*7 kilogrammes of 
water one degree. Hence 234 units of heat will raise 
the temperature of 932 grammes of boron one degree. 

4. 15 grammes of silver at 90° are agitated with 10 
grammes of water at 10®, and the temperature of the 
water is found to be 17*089**, Find the relative heat of 
silver. 

5. 50 grammes of silicon at 80** are mixed with a 
kilogramme of water at 10**. Find the temperature of 
the mixture after agitation. 

In working out examples of this kind, it is very con- 
venient to suppose that the hotter body cools down to 
the temperature of the other body, and that the heat 
thus given out is afterwards divided between the two 
in such proportion as to raise the temperature of each 
body to an equal extent. 

Now 50 grammes of silicon cooling from 80® to 10" 
is equivalent to 50 X 70 grammes, or 3*5 kilogrammes 
cooling one degree ; but, from the table of relative 
heats, we see that 1 kilogramme of silicon cooling 
one degree evolves 177*4 units of heat; hence the 
total quantity evolved is 8*5 X 177*4 or 620*9 units. 
Now this quantity has to be divided between a kilo- 
gramme of water at 10°, and '05 kilogramme of silicon 
at 10°. The quantity of heat requisite to raise the 
temperature of the water one degree is 1000 units ; 
the quantity required by the silicon is '05 of 177*4, or 
8-87 units. Hence 620*9 units must be divided 
between the water and the silicon in the proportion of 
1 to '00887. The quantity received by the water is 
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620-9 

therefore - , aaoq.^ > aod that received by the silicon is 
1*00887' ^ 

J? ^ ; these two quantities added together 

make up the total quantity, 620*9 units. The effect of 

620*9 
■ ^^, ^^ units of heat upon a kilogramme of water is 
1*00887 ^ ® 

to raise its temperature by about *62 of a degree ; the 
eflfect of the other quantity upon the silicon can be 
found, seeing that we already know that its tempera- 
ture is raised one degree by 8*87 units of heat. 

The following is a simpler way of solving the same 
problem. As before, 620*9 units of heat have to be 
applied to a mixture of 50 grammes of silicon and 
1000 grammes of water, both at 10*. Now the 
quantity of heat required to raise the temperature of 
50 grammes of silicon one degree is 50 X '1774, or 
8*87 units of heat; and the quantity required by the 
water is 1000 units. Hence the temperature of the 
mixture is raised one degree by (1000 + 8*87) or 
1008-87 units of heat. Therefore, by 620*9 units, 

620*9 
the temperature is raised ia/)q.o7 > or •615°; and as 

the initial temperature is 10**, the answer is 10*615**. 

6. A kilogramme of mercury at 100** is agitated 
with 50 grammes of water at 20**. Find the tempera- 
ture of the mixture. — Ans, 51*9**. 

7. 35 decagrammes of lead at 80** are agitated with 
10 cubic centimetres of water at 4**. Find the tem- 
perature of the mixture. — Ans, 43*3**. 

8. A glass ' bottle, weighing 1*5 kilogramme, con- 
tains a kilogramme of mercury at 70***^ 1^ ^^ad.- 
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grammes of water at 20^ are then put into the bottle, 
and the whole is well agitated. What is the tempera- 
ture, after agitation, of any one of the substances 
used, supposing that none of the heat passes into the 
air?— ^7W. 69•8^ 

It is easy to make examples for one's self in this 
subject since the answers are readily verified. After 
having worked out a sum like the following : — 3 grammes 
of water at 15° are mixed with 3*5 kilogrammes of 
mercury at 40** : find the temperature of the mixture 
— another question can be immediately made up, 
which will verify the answer first obtained, viz. 3 
grammes of water at 15^ after agitation with 3*5 
kilogrammes of mercury at 40°, are found to be at 
the observed temperature : find the relative heat of 
mercury. 

It has been assumed in the previous examples that 
the relative heat of a body is an invariable quantity as 
long as the body remains in the same physical state ; 
this, however, is not the case. The relative heat of 
water at 50° is 10042, and at 100° it is 1-013; and 
the same increase in relative heat with rise of tempera- 
ture is observed in all solid and liquid bodies. The 
higher the temperature the greater is the quantity of 
heat requisite to effect change of temperature, together 
with the other simultaneous changes. This increase in 
the relative heat of a body might have been foreseen as 
a theoretical probability from the fact that the rate of 
expansion increases with rise of temperature ; and, as a 
greater amount of expansion occurs in most liquids and 
solids between 90° and 91° than between 0° and 1°, a 
greater quantity of heat is required to effect iU 
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Dulong and Petit were the first to observe this varia- 
tion in the relative heat of a body. The same philoso- 
phers established a most important law, which will be 
comprehended by those who have studied chemistry. If, 
instead of taking the relative heats of equal weights of 
the several elements, phosphorus, iron, silver, tin, 
iodine, mercury, and lead, we find the relative heats of 
the under-mentioned weights of these elements, we 
observe that we have an almost constant quantity — the 
average being 6*5 nearly. 

Relative heat of 
Phosphorus 31 grammes = 0*572 ( = 31 x -212) 

Iron 56 „ -=6-37 

Silver 108 „ =6-16 

Tin 118 „ =6-63 

Iodine 127 „ =6-87 

Mercury ... 200 „ =6-66 
Lead 207 „ =6-35 

Boron (11 grammes), carbon (12 grammes), and 
silicon (28 grammes) are exceptions to Dulong and 
Petit's law. From the above we see, e.g, that 108 
grammes of silver require as much heat to raise their 
temperature one degree as do 127 grammes of iodine; 
and 108 grammes of silver combine chemically with 
127 grammes of iodine, forming 235 grammes of silver 
iodide. Again, 207 grammes of lead require the same 
quantity of heat (6*4 units) ; and 207 grammes of lead 
combine chemically with twice 127 grammes of iodine, 
forming 461 grammes of lead iodide. The numbers 
above given (6*572, &c.) are called Atomic Heats, or 
the relative heats of atoms. (Compare Barff's Chemistry, 
Part II. Chap. II.) 
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If we wish to know the relatire heats of eqnal 
volumes of the varions substances already mentioned, 
we must multiply the relative heats of eqnal weights 
(page 141) by the relative weights of the several sub- 
stances ; for one body is as much bulkier than another 
as the relative weight of the former is less than that 
of the latter. The relative heat of 1 cubic centimetre 
of water at 4^ is taken as 1*0 ; and that of 1 cubic 
centimetre of mercury at 0®, or of 13*596 grammes of 
mercury, is -0332 X 13-596. 

It is to be observed that, of all substances hitherto 
mentioned, water has by far the highest relative heat; 
that of ice (taken between — 80** and 0**) is abont -474. 
This will account for many well-known facts. If the 
relative heat of water were very low, all natural waters 
would rapidly become very hot in the summer and very 
cold in the winter. In summer, the seas and rivers 
receive a great quantity of heat from the sun, but 
their temperature rises only very slightly ; most of 
the heat goes to effect other changes than that of tem- 
perature, and is converted into potential energy. In 
winter, this great quantity of heat is recovered again, 
the water becoming very gradually colder. Hence, 
during the summer months, the sea is colder than the 
land ; but, during the winter months, the sea is 
warmer than the land. This is the cause of the mon- 
soons mentioned in a previous chapter ; and, if we sub- 
stitute day and night for summer and winter, we have 
the cause of land and sea breezes. (Page 83.) 

If two short bars, one of bismuth and the other of 
iron, are placed upright on the lid of a vessel full of 
hot water J their other extremities being coated with 
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wax, it will be observed that the wax on the bismuth 
is the first to melt. But, if the reader refers to page 
28, he will see that bismuth is not so good a conductor 
of heat as iron is. The iron transmits a greater quan- 
tity of heat than the bismuth does ; but, since the rela- 
tive heat of iron is *1138 and that of bismuth '03084, 
the iron would have to transmit •1138 unit of heat for 
every '03084 unit of heat transmitted by an equal 
weight of bismuth, in order that its temperature might 
be the same as that of the bismuth at any given 
distances from the source of heat. ** It is usually 
stated, that the greater the quickness with which the 
wax melts the better is the conductor. If the bad 
conductor and the good conductor have the same 
specific heat,* this is true ; but in other cases, it may 
be entirely incorrect. The proper way of proceeding is to 
wait until both the iron and the bismuth have attained 
a constant temperature " f ; it is then found that heat is 
transmitted a greater distance along the iron than 
along the bismuth bar. 



Miscellaneous Questions. 

9. Explain the cause of the inaccuracy observed in 
the mercurial compensating pendulum (page 20). 

10. Explain fully why the low relative heat of 
mercury renders that element very well adapted for 
thermometric purposes. 



♦ See p. 138. 
t Tjndan, "Heat as a Mode oi "M.o\.\OTir ^^."^^VV, 
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11. Show how the temperature of the earth is 
affected by the presence of ice, water, and steam. 

12. How should we be affected if the relative heat 
of everything were equal to that of water ? 

13. Platinum expands very nearly to the same 
extent between (^ and 100°, 100** and 20O», 200*» and 
300**, &c. How should we expect its relative heat to 
be affected by rise of temperature ? 

14. What weight of lead at 100** will raise the tem- 
perature of a kilogramme of water to the same extent 
as will 56 grammes of iron at 100** ? 



11. — Of Gases. 

Theoretical considerations would lead us to foresee, 
not only that equal volumes of all perfect gases require 
equal quantities of heat to raise their temperature by one 
degree (page 136), but also that the quantity of heat 
required to raise the temperature of, say, 1 gramme of 
a gas from 0° to 1** is equal to the quantity required to 
raise the temperature of an equal weight from 90® to 
91**, or from 150** to 151**, because the amount of 
expansion undergone is the same in all cases (page 75). 
One litre of a gas, measured off at 100**, would require 
less heat to raise its temperature to 101** than would one 
litre of the same gas, measured off at 0**, when heated 
to 1** ; because the amount of expansion undergone in 
the former case is only l-373rd of a litre, whereas the 
amount of expansion in the latter case is 1- 273rd of a 
litre. Suppose that one litre of the gas is measured off 
at 0% and that the quantity of heat xecyoix^id to talse its 
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# 

temperature to 1° is accurately noted ; if this litre is 
then heated to 100°, it will be found to occupy a 
volume of 1^ or 1-3665 litre. This volume at 100° will 
require the same quantity of heat to raise its tempera- 
ture to 101° as was required by the 1 litre at 0°, in 
order that its temperature might rise to 1°. But we 
must not expect to find such perfect regularity with 
those gases which do not obey Gay-Lussac's law of 
expansion. 

We can determine the relative heat of a gas under 
various conditions. I. The gas may be allowed to 
expand, the pressure upon it being constant ; II. The 
gas may be kept at constant volume, the pressure being 
so varied as to effect this : and, in each case, we may 
dietermine the relative heats of equal weights, or of 
equal volumes, of the several gases. We divide the 
subject, therefore, as follows : — 



i( 1. Of equal weights. 

I. At constamt presswre | ^ q^ ^^^^ volumes. 

( 1 Of 1 ' lif 

II. At constant volume \ * ^ ^ , , 

( 2. Of equal volumes. 



The relative heats of equal weights of the various 
gases at constant pressure are determined in the fol- 
lowing way. A certain known weight of the gas to be 
examined is heated to a certain known temperature, 
and is then made to pass through a spiral tube, sur- 
rounded with a known weight of water at a previously 
ascertained temperature ; as the gas issues from the 
tube, its temperature is again observed. The water is 
well agitated throughout the experiment, and the 
increase in temperature undergoivft Vjn \t \s> %si.^\Nx^i^>c^ 
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noted bj means of a yerj sensitive thermometer. Sup- 
pose that 10 grammes of a gas at 100® passed through 
the tube, issuing from it at 20** ; that the tnbe was 
surrounded with 100 grammes of water at 15', and 
that the temperature at the end of the experiment was 
1 7**, allowing for the heating of the tube itself, of the 
thermometer, the containing yessel, the rod employed 
for stirring the water, and for various other causes of 
inaccuracy. From these data we deduce the relative 
heat of the gas, thus : — 

The quantity of heat gained by the water is 200 units of heat 
.*. 200 nnits of heat are required to raise the temperature of 

10 grammes of the gas 80 degrees, 
or 800 „ „ 1 „ 

• 2^ 1 1 

i.e. }, or '25 is the relative heat required. 

In this way it has been found that the relative heat 
of hydrogen is 3*409 ; ue. that 1 gramme of hydrogen 
at 0**, in order that its temperature may rise to 1% 
requires a quantity of heat sufficient to raise the tem- 
perature of 3*409 grammes of water from 0** to 1% 
if the hydrogen is allowed to expand. Under the 
same conditions, the relative heat of oxygen is '2175. 
If the pressure upon the gases is constant, then 

1 gramme of hydrogen requires 8*409 units of heat for its 

temperature to rise 
from 0° to 1°, 
and 1 „ oxygen „ '2175 



»> >} 



Now, if, instead of equal weights of these gases, we 

wished to consider equal volumes of them, we should 

Jjave to take 1 gramme of hydiogen and \^ ^xwjamfts 
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of oxygen, both of which occupy equal volumes under 
the same conditions of temperature and pressure* Hence, 
at O'* 'TCm. barometric pressure, 

11*2 litres of hydrogen require 3*409 units of heat for their 

temperature to rise 
from 0° to 1°, 
and 11-2 „ oxygen „ • -2175X16 



if it 



Hence, to find the relative heats of equal volumes, 
we must multiply the relative heats of equal weights 
by the relative weights of the respective gases (see 
pages 84 and 146). The following table contains the 
results of experiments made in the way described on 
page 149, and also the calculated results for equal 
volumes : — 



Relative Heats of Gases and Vapours at 
Constant Pressure. 

Equal Equal 

Gas. weights. volumes. 

Hydrogen 3-409 ... x 1 -=3-409 

Oxygen -2175 ... x 16 = 3-4j8 

Nitrogen -2438 ... x 14 =3-4132 

Air -2374 ... x 14-45 = 3-4304 

Nitrous oxide -2238 ... x 22 = 4-9236 

Nitric oxide '2315... x 15 =3-4725 

Carbonic oxide ... -245 ... X 14 =3-48 

Carbonic acid -2 163 ... x 22 = 4-7586 

Sulphurous acid... -1544... x 32 ' =4-9408 

Hydric chloride ... -1845 ... x 18-25 = 3-3671 

Steam -4805 ... X ^ = ^k. ^^^S^ 
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The last column of figures exhibits a regalaritj that 
we expected to find. The only discrepancies — nitrons 
oxide, carbonic acid, sulphurous acid, and steam — are 
such as do not invalidate what we have previously said ; 
heat has to do more work in causing these gases to 
become hotter, and hence equal volumes of them have 
a higher relative heat. Putting these, therefore, on 
one side, we see that the relative heats of the rest 
range from 3*3671 to 3*48 ; such irregularity is by no 
means surprising when we consider the experimental 
difficulties and the number of uncertain corrections 
that have to be made, in determining the relative heats 
of equal weights. 

The 3'409 units of heat, in the case of hydrogen (and 
the other gases will furnish similar examples), are 
employed for two different purposes ; one portion of 
this quantity of heat raises the temperature of the 
11-2 litres of hydrogen from 0* to 1*, and the remain- 
der is used up in forcing away the atmosphere to a 
certain extent. Now, if the hydrogen, whilst being 
heated, was not allowed to expand, the heat would 
have only to raise its temperature ; there would be no 
external pressure to be overcome, no work to be per- 
formed, and therefore a less quantity of heat would be 
required. Hence, the relative heats of gases at con- 
stant volume must be less than the relative heats of 
the same gases at constant pressure. This has been 
proved experimentally; in the following table, the 
first column of fig\;ires is the result of experiment, and 
the second column is derived from the first in the same 
way as before, viz. by multiplying the relative heat (of 
egual weights) of each gas by the relative weight. of 
the gas. 
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Relative Heats of Gases and Vapours at 
Constant Volume. 

p Equal Equal 

weights. Yolames. 

Hydrogen 2*406 ... 2*406 . 

Oxygen -155 ... 2*48 

Nitrogen -173 ... 2*422 

Air *168 ... 2-419 

Nitrous oxide -18 ... 396 

Nitric oxide -165 ... 2*475 

Carbonic oxide 173 ...' 2*422 

Carbonic acid -171 ... 3*762 

Sulphurous acid *121 ... 3*872 

Hydric chloride -131 ... 2*391 

Steam -369 ... 3*321 

The important conclusion that is to be derived from 
this table will be given in the next chapter. In the 
meantime, we must observe that, of the 3*409 units of 
heat above referred to, 2*406 units of heat raise the 
temperature of 11*2 litres of hydrogen from 0** to 1**; 
the remainder (1*003 units) is employed in overcom- 
ing external pressure, and becomes converted into 
potential energy. 

Example 1. 120 grammes of carbonic oxide at 90'' 
are passed through a tube surrounded with 1 kilo- 
gramme of water at 0^ The gas issues from the iube 
at 40**. "What will be the temperature of the water, 
disregarding the heating of the tube, &c. — Ans. 1*57* 



Lro 
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2.* How much heat is required to raise the tem- 
perature of a cubic metre of nitric oxide from 0*to 
50* ? — Ans. 15502 units of heat nearly. 

3. How much heat is required to raise the tempera- 
ture of a cubic metre of oxygen from 50® to 100" ?— 
Ans. l'U30*8 units nearly. 

4. What weight of water could be heated from 15" 
to 35** by the heat given out during the cooling down of 
80 grammes of sulphurous acid from 100** to 35"? 
— Ans, 40*144 grammes. 

5. 3 grammes of carbonic oxide at 20®, 5 litres of 
nitrogen at 27", and 10 grammes of hydrogen at 15" 
are mixed together. What will be the temperature of 
the mixed gases ? — Ans, 15*56". 

6. Calculate the relative heat of air at constant 
pressure from those of oxygen and nitrogen, — air being 
a mixture of oxygen and nitrogen in the proportion of 
21 to 79 by volume, and 23 to 77 by weight. 

7. What is the relative heat of a mixture of equal 
volumes of nitrous oxide and carbonic oxide? — Ans, 
•232. 

8. Find the relative heat of a mixture of 1 volume 
of oxygen to 2 volumes of hydrogen ? — Ans, '5721. 

■■■■■ ■■■■ -■ II !■ ■■ !■■■■ !■ ■ ■■ ■ 

* In the following examples, the atmospheric pressure is sup- 
posed to be equal to that of a column of mercarj 760 millimetres 
high at 0". 
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CHAPTER X. 



NATURE OF HEAT. 
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The accompanying figure (Fig. 44) represents a 
hollow vessel of which the section abgd, or efgh, 

&c,, is a square decimetre in area. 
The portion e o is filled with air at 
0**, and we will suppose that e o has 
a capacity of 11*2 litres. This air is 
shut out from the external air by a 
piston, the lower surface of which is 
represented by efgh. Let the pres- 
sure of the atmosphere upon this piston 
be equal to that of a column of mer^ 
Fig. 44. cury 760 millimetres high when the 

barometer is reduced to 0^ This pres- 
sure is equal to 108*33 kilogrammes on the square 
decimetre ; we must therefore regard the atmospheric 
pressure as a weight of 103 '33 kilogrammes on the 
piston E G, since its area is a square decimetre. The 
weight of the air in bo, its bulk being 11*2 litres 
at 0***76m. B. P., is 14*4 grammes. Since bo is 
11*2 litres or cubic decimetres, and a b or b o is a 
decimetre, it is evident that b a or d h must be equal 
to 11*2 decimetres. 
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The gas is now heated from 0** to 1®, the pressure 
remaining constant. The quantity of heat required 
for this purpose is nearly 3*4 units ; and the gas 
expands, occupying, we will suppose, the volume i c. 
The bulk of 11*2 litres, measured off at 0**, when 
heated to 1% is 11-2(1 + -00367) or 11-241 cubic 
decimetres ; i o is therefore 11'241 cubic decimetres. 
As before, i a or m d is 11*241 decimetres in length; 
hence i e or m h is (11-241 — 11*2) or '041 decimetre. 

If the gas is heated without being allowed to expand, 
the quantity of heat required is nearly 2-4 units. Of 
the 3'4 units before required, 24 raised the tempe- 
rature from 0® to 1**, while the rest (1 unit) was used 
up in causing expansion, i,e, in raising a weight of 
103-33 kilogrammes through a height of *041 deci- 
metre or -0041 metre.* This is evidently the same as 
raising a weight of 10-333 grammes through a height 
of 41 metres, or the same as raising, to a height of 1 
metre, a weight of (10333 x 41) or 423-653 grammes. 
And this, therefore, is the number of grammes that 
could be raised 1 metre from the earth^s surface by 
the expenditure of a quantity of heat sufficient to 
raise the temperature of 1 gramme of water from 
0** to 1°. The 1 unit of heat has been converted into 
potential energy ; for a stone has more potential energy 
when it is 1 metre above the earth^s surface than when 
it is lying on the ground. 

Several highly interesting considerations are inti- 
mately connected with the above demonstratioo . We see 



* This, it will be seen, is an assumption ; since there may be 
internal work going on in the gas, as in the ca.Be of ^a^ovirs. 
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that, when a gas expands, it does work, just as a horse 
does work when it pulls a waggon up a hill ; in the 
former case, there is an expenditure of heat, while, in the 
latter case, there is an expenditure of a certain amount 
of muscular force. Gaseous expansion, therefore, is 
accompanied with refrigeration or disappearance of 
heat, and the cause of this apparent destruction of 
heat is the necessary production of potential energy. 
A gas, in order to do work, requires heat, just as a 
horse, to do work, requires food. If the receiver of 
an air-pump is filled with moist air and is then ex- 
hausted in the ordinary way, the air within the receiver 
becomes colder, and the aqueous vapour consequently 
condenses, forming a cloud in the receiver. In this 
case, the air expands when the piston is moved in the 
cyHnder ; but it does not do the whole of the work, for 
the arm of the experimenter assists in the process. 
That it does do some of the work is evident from the 
fact that, when the receiver contains very little air 
indeed, it is far more difficult to raise the piston ; and, 
indeed, it is almost impossible to raise it if the vacuum 
produced is very perfect and the area of the piston 
sufficiently great. The air, then, does work when the 
receiver is exhausted ; but, before it can do this work, 
it requires a certain quantity of heat. Since heat is 
not freely supplied to it, it uses up some of the heat it 
already has, and consequently becomes colder. Suppose 
(in Fig. 44) the piston e o is artificially raised until it 
occupies the position i l. The quantity of work done 
may be represented by 423 grammes being raised to a 
height of 1 metre, and the expenditure of heat for this 
purpose is 1 unit of heat. A pottvoTi o^ l\aa ^tk^^s^- 
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diture takes place in the arm of the experimenter; the 
rest 18 supplied by the gas in b c, \7hich consequently 
becomes colder. If we now leave go of the piston- 
rod, the atmospheric pressure outside will force the 
piston back into its former position e g ; that is to saj, 
there will be a fall of 423 grammes through a height 
of 1 metre. But, just as it required the expenditure of 1 
unit of heat to raise the above weight 1 metre high, so, 
when the same weight falls through a height of 1 metre, 
there is an apparent creation of 1 unit of heat. Only 
part of a unit of heat, it will be remembered, was 
withdrawn from the air, but a whole unit of heat is 
now imparted to it, so that it is hotter after than it 
was before the experiment; it has received not only 
the heat which was supplied by itself, but also that 
which was supplied by the experimenter's arm. Thus, 
when a man labours, the strength of his body is gradually 
used up ; it is not, however, destroyed, but is converted 
into heat. Our observations of natural phenomena 
tend to show that all varieties of energy become con- 
verted sooner or later into heat. The axial, as well as 
the orbital, movement of the earth is gradually diminish- 
ing — the forces which produce these movements being 
changed into an equivalent amount of heat. Such 
considerations as these, however, are beyond the limit 
of the present work ; we must, therefore, refer the 
student, who may wish to pursue them, to more ad- 
vanced works on the subject. 

Disappearance of heat accompanies gaseous expan- 
sion ; evolution of heat accompanies gaseous compres- 
sion. These two facts have been employed to explain 
the variations in atmospheric temperature observed 
when we rise higher and "higVieT itoTxi V\i^ ^^t>l>cC's. 
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surface. The air at the level of the sea receives beat 
from the wann earth and expands, bnt does not become 
colder on tbat acconnt, because heat is freely supplied 
to it from the earth ; being now relatively lighter than 
the air above, it rises from the earth's Burfoce. Sup- 
pose that it has risen to a height of 1 kilometre ; the 
preBsare upon it is much less, and it therefore expands 
until the preasnre exerted by it is equal to the pressure 
of the snperincumbent atmosphere upon it. It expands 
and forces back the pressure of the atmosphere above, 
thus performing work and occasioning an expenditure of 
heat. Consequently, it becomes colder as it rises, and, 
though, at the sea level, its temperature may be 25° or 
30°, it is reduced to 0° at a comparatively short distance 
above that level. 

The conversion of mechanical force 
into beat is well seen in the experiment 
with the Fire Syringe. This instroment 
(Fig. 45) is a stont glass cylinder, pro- 
vided with a tightly -fitting piston. 
When tiie latter is saddenly pushed 
down so as to compress the air within 
the syringe, the mechanical force em- 
ployed becomes converted into beat, 
and this heat is sufficient to ignite a 
piece of tinder placed inside. It seems 
ae if the heat produced were forced or 
pressed out of the air in the syringe ; 
but the most accurate experiments made 
by Regnault have proved that the quan- 
tity of heat in any weight of a gas is 
independent of the piessnre to which it 
is subjected. 
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Fig. 45. 




IfiO KXPAXSION WITHOni RBFBinERATIOK, 

Gas can be cansed to espaad witUoat having to repel 
nnj external presEtire, aa in the follomn^ experinKnt 
first mode by Gay-Lnsaac, and repeated in our omi 
timeB by James Joule. The vessel a (Vig, 4(>) is 
filled mtb a great quiii- 
tity of air under higl 
pressnre, and is con- 
\ nected hy means of a 
I tube provided with i 
I stop-cock with anothei 
lel B, wbich is ez- 
I hansted of its air. Now, 
I when the stop-cocks are 
tamed bo as to allow the 
in A to expand into 
Pig^ 45^ the vessel n, there is no 

external pressnre to be 
overcome. The particles in a that are at a distance 
from the stop-cocks drive forward the other particles, 
and consequently do a little work ; the particles 
thus impelled are driven into b, when their energy 
of motion is converted into heat. Hence the gas 
in A falls in temperature, but the temperatnre of 
the gas in b rises to the same extent ; so that, 
when mixed, the gas appears to have nndergone no 
change of temperatnre, though the bulk has been 
greatly increased. 

The relative heat of a gas at constant volume may 
be found roughly in the following way : — In Figure 44 
suppose that the 14'4 grammes of air are heated from 0* 
to 1" under a constant pressure of -TGm. B. P. The 
quantity of heat required is about 8-4 units. If the gas 
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is now forcibly compressed until it occupies the same 
volume as before it was heated (11*2 litres), it will be 
found to become hotter; its temperature, after com- 
pression, will be nearly 1*4°, supposing that none of the 
heat is lost, or is absorbed by the containing vessel. 
The quantity of heat that was converted into potential 
energy has been reconverted into heat, and has been 
imparted to the gas. Hence 3*4 units of heat will 
raise the temperature of 11*2 litres of air, measured off 
at 0°-76m. B. P., from 0° to 1*4°, or through 1*4 

3-4 
degrees ; therefore — y or 2*4 units of heat will raise 

the temperature of the same weight of air 1 degree — 
when the volume is constant. This method is not, of 
course, at all accurate, because the containing vessel 
is heated as well as the piston. 

Let us pass now to the consideration of the weight 
(423 grammes) that was raised 1 metre high by 
A ^ the expenditure of 1 unit of heat. Suppose that 
the above weight was projected vertically upwards 
so as to reach to a height of 1 metre ; when it 
c 3 is at that height above the earth's surface, in 
what respect does it differ from a similar weight 
resting upon the earth ? A certain amount of 
force (equivalent to 1 unit of heat) has been 
employed to raise it 1 metre high ; what has 
become of that force ? In Fig. 47, let a repre- 
sent the weight 1 metre high, and b the weight 
at the earth's surface, a differs from b in point 
B A ^^ position : and, in virtue of its position, it 
possesses something that b does not possess, 
47. viz. the power of falling through a distance of 1 
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metre. This possible power is called potential energy 
or energy of position. Suppose that a now falls to 
the point o ; in this position it will differ from b 
inasmuch as it still possesses a certain amoimt of 
potential energy ; but, when it reaches o, it is in a 
state of motion, and has therefore undergone a change 
within itself. At c it has not only energy of posi- 
tion, but also energy of motion or kinetic energy. This 
kinetic energy has been produced by the conversion of 
a certain amount of potential energy. Finally, when 
A reaches the earth's surface, it has no energy of posi- 
tion, for all of this has been converted into kinetic 
energy. But it is found that, when a weight of 423 
grammes is projected up in the air with a force that is 
equivalent to 1 unit of heat, neither does the weight 
rise to the height of 1 metre, nor is 1 unit of heat 
produced when the ball strikes the earth ; the height 
attained is a little less than 1 metre, and the heat 
produced is a little less than one unit. This slight 
inaccuracy is occasioned by the friction of the weight 
against the air ; when rising and falling, the weight 
has a certain amount of its kinetic energy converted 
into heat on account of the partial stoppage of its 
motion by the air, just as the whole of its kinetic 
energy is converted into heat when its motion is entirely 
stopped by the earth. 

Friction is a powerful means of converting mechanical 
force into heat. Rumford* was the first to calculate 
the quantity of heat produced when two substances 
were rubbed together with a certain amount of force. 

* Benjamin Thompson, CouTi\."RTHnSoT3L^ltk%^\.%\«^. 
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When boriDg cannon at Mumch, he observed that the 
"water employed to keep the cannon cool was consider- 
ably raised in temperature. He then caused a cannon 
of known weight to revolve on a rough steel borer, 
and the heat given out went to raise the temperature of 
a known weight of water at 0°. The force employed 
to turn the cannon being measured, and the quantity 
of heat imparted to the water and to the cannon being 
observed, Rumford assumed that the latter was pro- 
duced by the expenditure of the former, and was 
therefore equivalent to it. 

It has been urged that too much was assumed, see- 
ing that the heat might have been occasioned by a 
diminution in the relative heat of the brass, and that 
the chips of metal separated during the process might 
have had a lower relative heat than the substance of 
the cannon. But Eumford was careful to show that 
no such change takes place in the relative heat. 
Further, an ingenious experiment performed by Sir 
Humphry Davy has placed the matter beyond all 
doubt ; he succeeded in melting two pieces of ice by 
rubbing them together in vacuo, at the same time pre- 
Tenting the access of external heat. The water pro- 
duced in this experiment has a much higher relative heat 
than the ice ; hence the potential heat which caused the 
ice to melt must have been obtained by the conversion 
of the mechanical force employed for the friction. 

James Joule has determined the quantity of heat 
occasioned by the friction of two substances with the 
utmost accuracy. A paddle-wheel, furnished with vanes, 
was made to revolve in a copper vessel between station- 
ary ranes; a weighed quantity o? ^^\«t ^\» ^Vssss^^ 
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temperatnre was placed in the yessel, and the tempera- 
ture was determined after the paddle-wheel had revolved 
for a certain time. The force employed to torn tbe 
wheel was known ; and corrections were made for the 
heating of the copper yessel, of the wheel itself, &c 
In this experiment, the heat was occasioned by the 
friction between the vanes and the water. Similar 
experiments were made vnth oil and mercury, with two 
solids, as iron and brass, &c. ; and it was found that, 
in all cases, the expenditure of an amount of force 
represented by the fall of 428 grammes through a height 
of 1 metre occasioned the evolution of 1 unit of heat. 
This, therefore, is the mechanical equivalent of the 
unit of heat. 

Since, then, motion of any kind can be converted 
into heat, and heat can be converted into motion (as in 
the case of the Steam Engine for example), and since, 
moreover, a certain quantity of motion and ^ certain 
quantity of heat are exactly equivalent to each other, it 
is now almost universally admitted that heat is nothing 
more than a peculiar kind of motion ; but it is motion 
of the constituent particles, not of the mass as a whole. 
The particles are supposed to vibrate ; and the hotter 
the body is, the more rapidly do the particles vibrate. 
When heat is converted into mechanical force, the 
motion of the particles is imparted to the mass. 
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CHAPTER XL 



CONNECTIONS BETWEEN THE SCIENCES OF HEAT 

AND CHEMISTRY. 

Chemical Force is the force that tends to make 
two substances, like carbon and oxygen, combine. 
Phosphorus has a great tendency to combine with 
iodine*; the particles of the one rush, as it were, 
towards those of the other and combination takes 
place. The motion of chemical force is here converted 
into the motion of heat. When carbon combines 
with oxygen, the heat produced by the conversion of 
the chemical force existing in the elements is so great 
as to give rise to the phenomena of combustion. 
Heat is always evolved during combination, be- 
cause the chemical force that gives rise to the com- 
bination is always converted (at least partially) into 
heat j — we say partially ; for, in many cases, a portion 

* In chemical works it is generally stated that substances 
which combine have an affimty for one another ; whereas sub- 
stances, between which there is affinity, do not usually combine. 
This error is occasioned by the total misapplication of the term 
"affinity." There is the greatest chemical affi/nity between 
nitrogen and phosphorus ; but these two elements will not com- 
bine together directly ; and it is at least doubtful whether any 
compound of the two has ever been obtained even by indvrec 
prooeBBea. 
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of the chemical force is converted into 'electricity, 
and sometimes also into light. In a former chapter, the 
potential energy of steam was compared with that of 
coal ; we now see that the potential energy of coal is 
nothing more than chemical force. 

When quicklime is treated with water, the two 
combine and a great quantity of lieat is evolved ; in 
order to separate the quicklime and water again, we 
have to heat the compound, during which process a 
certain quantity of heat disappears — equal to the 
quantity evolved during the previous combination. In 
this case, not only is a certain amount of chemical 
force equivalent to a certain amount of heat, but also 
these two forces are directly convertible the one into 
the other. This, however, is not always the case : for 
instance, a gramme of carbon evolves a certain definite 
quantity of heat when it burns in oxygen, and carbonic 
acid is formed ; but this carbonic acid cannot be de- 
composed into carbon and oxygen by the agency of 
heat alone. 

The following table gives the number of units of 
heat evolved when 1 gramme of each substance 
named is burnt in excess of oxygen. 

Heat of combustion 
Substance. in Oxygen. 

Hydrogen 34,000 

Carbon 8,000 

Phosphorus 5,750 

Sulphur 2,250 

Copper 600 

When hydrogen combines with chlorine, 24,000 units 
of heat are evolved. 
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The temperature of the human body is maintained 
principally by means of combustion. In respiration, 
oxygen is inhaled into the lungs and enters into solution 
in the blood. Various obnoxious compounds, which 
have found their way into the blood, are decomposed (or 
partially burnt up) by this oxygen, and the bodies 
thus formed are given off; as, for example, exudation 
from the skin, carbonic acid from the lungs, &c. (See 
Barff^s Chemistry, pp. 59, 60.) A portion of the 
heat in the animal body, however, is accounted for by 
the friction between the blood and the blood-vessels. 

The sun is now universally regarded as the original 
source of all terrestrial energy. The sun itself is an 
intensely hot mass, surrounded by its Atmosphere. 
The latter consists of two portions ; that which is next 
to the sun is called the Photosphere, or the light-giving 
atmosphere. Kirchoff supposed that the photosphere 
consisted of solid or liquid material, but Frankland and 
Lockyer have shown that it is most probably gaseous. 
It is encircled by another layer — the second portion of 
the sun*s atmosphere —called the Chromosphere, which 
is about 8,0Q0 kilometres high, and appears from the 
researches of Lockyer to consist mainly, if not wholly, 
of hydrogen. Owing to the gravitation of the central 
mass of the sun, the atmosphere is continually under- 
going immense compression, which gives rise to the 
various forces that are radiated to us; and the re- 
searches of Lockyer have proved that the sun's heat is 
conveyed from the interior to the exterior by enormous 
currents (convection-currents) of gaseous matter. 

Of the forces thus derived from the sun, the most 
evident are Heat and Light. But that the aim's ro^^ 
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do not consist wholly of these two forces is apparent 
from obsenrations first made bj Sir John Herscbel. 
He noticed that, when the son's rajs fell upon • 
solution of sulphate of quinine, a blue coloor was pro- 
duced on the surface of the liquid. Professor Stokes 
afterwards proved that this phenomenon is. due to 
certain invisible rays which are absorbed by the sulphate 
of quinine and given off again as light-rays. These 
invisible rays are called Chemical Bays. 

The forces emanating from the sun, then, consist, so 
far as our present knowledge goes, of Chemical Force, 
Light Force, and Heat Force. By special contrivances, 
these can be separated for the most part from one 
another ; and Sir Isaac Newton* succeeded in breaking 
up the white light of the sun into rays of different 
colours. But there is no essential distinction between 
the above-mentioned kinds of force. When a wire of 
a pianoforte is made to vibrate, its motion gives rise 
to the sensation of sound; if it vibrates very much 
more rapidly, the motion is too rapid to produce this 
sensation ; also, if it vibrates very much less rapidly, no 
sensation of sound is occasioned. The treble and the 
bass notes of a musical instrument are more inaudible 
than those which are produced by vibrations of inter- 
mediate rapidity. Heat, Light, and Chemical Force 
stand in the same relation to one another as inaudible 
bass notes, audible notes, and inaudible treble notes. 

Plants are enabled, by the influence of the chemical 
force of the sun, to decompose the carbonic acid 
formed duripg respiration and combustion — the oxygen 

* Sir Isaac Newton (1642—1727). 
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of the gas returning to the atmosphere, while the 
carbon is assimilated by the plant. This decomposition 
necessarily takes place only during the day. The 
chemical force of the sun is thus transferred to the 
carbon of plants and to the oxygen of the air. Plants, 
in the course of ages, become converted into coal 
(Barff'a Chemistry y p. 28) ; hence, by the combus- 
tion of coal, we are actually converting into heat the 
chemical force that emanated centuries ago from the 
sun. 
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CHAPTER XII. 



EADIATION OF HEAT. 

Heat passes from one body to another in three 
different ways : first, by conduction ; secondly, by con- 
vection ; and thirdly, by radiation. We have already 
studied the conduction and the convection of heat.* The 
particles of a bar of iron have a peculiar moyement due 
to heat. When the metal is heated a.t one end, 
the particles are thrown into more intense vibra- 
tions ; this excess of motion gradually dies away 
along the bar. Let us take any one particle at the 
heated extremity; this particle is thrown into more 
intense vibrations than it had before, and causes 
the particle in front of it to vibrate more in- 
tensely than before, and so on. The gradual fall 
of temperature along the bar may be represented 
by a wave-line that gradually becomes less and 
less curved, as in Fig. 48, in which a repre- 
sents the heated extremity and b that part of the 
bar which is at the same temperature as the sur- 
rounding air. 

Fig. Now the question arises, — in what way does 
48. heat pass from the sun to the earth through 

* See pages 26, 4^, aa^L 11. 
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an apparently unoccupied space ? But natural philo- 
sophers have come to the conclusion that the space 
between the atmospheres of the sun and the earth 
is not unoccupied; it is supposed to be full of 
a peculiar substance called by them jEiher,* This 
sether is different from all other kinds of matter in 
respect that it is co-extensive with space, and does 
not obey the laws of gravitation— not being sensibly 
attracted by the earth or by the sun. It is by the 
vibrations of this peculiar substance that the forces of 
the sun are transmitted to us ; the SBther is thrown 
into a number of waves by the work going on in the 
sun, and some of these waves reach the earth. They 
are, of course, very variable in their nature; some 
are very long waves, others very short : the long 
waves are rays of heat ; the very short waves are 
chemical rays ; while the waves of intermediate length 
are rays of light. — Heat, Light, and Chemical Force 
are all peculiar kinds of motion. 

If a hot iron ball is placed upon a stand in the middle 
of a room, it becomes cold in a short time, and in three 
different ways. If a lighted taper or the smouldering 
wick of a candle is held above it, a current of heated 
air will be observed to be passing upwards from the 
surface of the ball ; part of the heat is being conveyed 
away by the air. The legs of the stand upon which 
the ball rests will be found to be hot ; a portion of the 
heat is being conducted away. It will be noticed also 
that heat is being radiated from the ball in all direc- 



* The diphthong is here used to distinguish this substance from 
common ether. 
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RADIATION AND REFLECTION. 




Fig. 49. 



tions. If this radiant heat is allowed to fall npon a 
good reflecting surface, as represented in Fig. 49, the 
waves will be reflected at the surface of the reflector, 
and, if the reflector is of a certain shape, in parallel lines. 
These waves, that run parallel to one another, can be 
reflected again by means of a second reflector, and will 
collect at the point b, which is called the principal 
focus of the reflector. Now, if a thermometer or a 
thermoscope is placed at b, an immediate rise of tem- 
perature will be observed. If a piece of phosphorus is 
placed there, it will first of all melt and then ignite, but 
not if it is placed either nearer to the reflector or 
further from it. If a vessel containing water is placed 
at B, the water will become hotter and the iron colder, 
heat continuing to pass from a to b until both the ball 
and the water are at the same temperature. If the 
water is now replaced by a hotter body, heat will pass 
from B to A ; if by a colder body, from a to b. 

Now it is almost self-evident that the body at a (if 
at 100° we will suppose) will radiate exactly the same 
qu&niiij of heat in all ditectionB e^er^ TDMi\3L\fc TRWCast 
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the body at b is at 50° or at 150° ; but it will become 
colder in the one case and hotter in the other, while the 
body at b will become hotter if its temperature was 50°, 
colder if it was 150°. The reason of this is that, in the 
former case, more heat passes from a to b than from b 
to A ; while, in the latter case, more heat passes from 
B to A than from a to b. It is therefore universally 
admitted that there is a continual exchange of heat 
going on between all bodies, even if they are at the 
same temperature ; if they are not all at the same tem- 
perature, the hotter bodies radiate more heat than they 
receive and become colder, while the colder bodies 
radiate less heat than they receive and become hotter, 
until, at last, all are at the same temperature. This is 
called Prevost's Theory of Exchanges. 

It has been ascertained by experiment that different 
substances have different powers of radiation. Fig. 50 




Fig. 50. 

is an arrangement for showing this ; a is a reflector, 
B a Leslie's thermoscope, and c a Leslie's Cube, This 
last piece of apparatus is a hollow vessel made of 
polished tin, and capable of containing hot water which 
is poured in at d ; one of ttie \eT\Aa«\. ^\^<^^ Sj^ ^'^s^i^j^ 
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with lamp-black, another with paper, a third with glass, 
while the fourth side is left nncoated. When the side 
coated vrith lamp-black faces the reflector^ the heat 
radiated from it is collected by the reflector and passes 
on to the balb of the thermoscope, which is in the foeas 
of the reflector. The effect is immediately observed bj 
the column of liquid falling in the tube. When the 
side coated with paper faces the reflector, the liquid 
column is not depressed to so great an extent, showing 
that paper does not radiate heat so well as lamp-black 
does ; the glass side produces still less effect upon the 
thermoscope, and the tin side scarcely any. Taking 
the radiation from lamp-black as 100, Leslie found that 
the radiation from paper was 98, and from polished tin 
or gold 12. 

Good radiators of heat are found to be also good 
absorbers of heat. If this were not so, Prerost's 
Theory of Exchanges could not be correct ; for, if lamp- 
black, for example, radiated heat with great facility but 
absorbed it with great difficulty, all specimens of that 
substance, when left sufficiently long exposed to other 
substances, would be found to be at a lower temperature 
than surrounding objects. A Leslie's Cube coated with 
lamp-black and filled with hot water becomes cold 
much quicker than if it had been left uncoated ; but 
the same cube filled with cold water and exposed to the 
heat of the sun becomes hot much sooner if coated 
with lamp-black than if it is uncoated. 

It is frequently supposed that the absorptive power 
of a substance for heat depends upon its colour ; this, 
however, is not the case, except with the heat of the 
sun or of other bodies at -vex^ \i\^ \.^TK^^t^l\wes. 
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A Leslie's Cube cools at the same rate whether it is 
coated with white or with black paper. The colour of 
winter clothing is immaterial so far as warmth is con- 
cerned, because the colour of the cloth does not affect 
the radiation of heat from the body ; but, in summer, 
light coloured clothes should be worn because black 
cloth absorbs more heat than green cloth, green cloth 
more than red, and red more than white. Hence, in 
the east, the natives dress generally in white clothes. 

That the absorptive power of a body for heat depends 
to a great extent upon the nature of the heat * is well 
seen in the following table given by Melloni : — 



Absorbent. 


Source of Heat. 
Incandescent Copper 
Platinum. at 400°. 


Copper 
at 100° 


Lamp-black ... 


, , . 100 .... 


.. 100 


. 100 


White Lead... 


... ub •.«. 


.. 89 


. 100 


Shellac 


47 


70 ..... 


. 72 


Polished Metal, 


14 


.. 13 


13 



As the intensity of the heat diminishes, the absorp- 
tion increases, except in the case of metals which are 
exceedingly bad absorbents of heat under all circum- 
stances. 

The formation of dew was first explained by Dr. 
Wells; other facts concerning it have been brought 
forward since by Melloni and Dr. Tyndall. Dew is 
observed to be deposited for the most part on grass 
and the leaves of trees ; and there is always more dew 
on a clear still night than on a cloudy and windy one. 

* So with light : — ^blue glass absorbs all light rays except those 
of bine light; red glass absorba a]li!l\>ut tq^t«.^%) vck.\ v^ Ks\i. 
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The green parts of plants are very good radiators of 
heat ; hence, after sunset, they hecome much colder than 
the air ahove, unless there are sufficient clouds to cause 
the radiated heat to return to the earth. The slightest 
covering over grass prevents the heat from heing radi- 
ated, and therefore impedes the formation of dew. The 
air, in contact with these cold surfaces, becomes itself 
cooled, and the moisture it contains in the form of aqueous 
vapour is condensed directly the dew point (p. 121) 
is reached. A high wind will, of course, prevent any 
very considerable fall of temperature ; it may even cause 
moisture already deposited to evaporate again, because 
air is rarely saturated with aqueous vapour. 

Some substances absorb light, as black cloth ; others 
reflect it, as looking-glasses, bright metallic bodies, &c,; 
and others, again, are transparent, i.e. they allow rays of 
light to pass through them. Glass is eminently trans- 
parent to light. So also with heat ; some bodies 
absorb heat, others reflect it, and some are transparent 
to it. There is no substance of which we can say that 
it either absorbs, reflects, or transmits all the heat 
which impinges upon it ; a good absorbent of heat 
(e.g. lamp-black) reflects a small quantity, a substance 
that transmits heat with facility will always absorb a 
little, and so on. Glass is v^ry transparent to the heat 
which reaches us from the sun, but it is very opaque to 
the heat of an ordinary Are. Hot-houses are made of 
glass, so that the sun's heat may be able to penetrate 
into the enclosure, and become absorbed by the plants, 
earth, &c. But, when this absorbed heat is radiated 
from the plants, it will no longer penetrate the glass, 
bat 18 re&ected back, and lienQe \\iQ \l<&^\. «j:^\rm»i<d^<&. 



DIATHERMANCY. 177 

Glass screens are used for fires ; they allow the light, 
but not the heat, of the fire to pass through them. The 
following table gives the percentage of heat- rays 
transmitted through a plate (2 '6 millimetres thick) of 
each substance named : — 

Source op Heat. 
Incandescent Copper Copper 

Substance. Platinum. at 400°. at 100°. 

Rock Salt 92 92 92 

Rock Crystal 28 6 3 

Iceland Spar 28 6 

Plate Glass 24 6 

Ice -5 

The next table gives the transparency of liquids for 
heat : — 

Stratum of Liquid Source of Heat, 

9 millimetres thick. Argand oil lamp. 

Carbonic Bisulphide 63 

Ether 21 

Hydric Sulphate 17 

Hydric Nitrate 15 

Alcohol 15 

Hydric Acetate 12 

Water 11 

Dr. Balfour Stewart discovered the interesting fact 
that rock salt, which is so transparent to ordinary heat, 
is very opaque to the heat radiated from a heated mass 
of rock salt ; the heat which is radiated from rock salt 
is absorbed by rock salt. Other philosophers have 
shown that the same is true oi \\^\. •, ^ -s^^wix ^^<5s$«5» 
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the same kind of light as that which it emits when it 
is incandescent. 

It will be seen that a snbstance may be reiy trans- 
parent to light, and yet opaqne to heat. Ice and water 
are examples of this. In the same way, a body may be 
very transparent to heat (or diathermic^ as it is called), 
and yet opaqne to light. Dr. Tyndall discorered that 
a solution of iodine in carbonic disnlphide was very 
diathermic, but did not allow the passage of light 
rays. Most gases are transparent to light ; but their 
action on heat is very different. The yellowish-green 
gas, chlorine, is much more transparent to heat than 
the perfectly invisible gas, ammonia. The followiDg 
table gives the absorptive power of several gases for 
the heat from a Leslie's Cube at 100" ; the column of 
gas employed was about 1*2 metre long, and it was at 
a pressure of 760 millimetres of mercury : — 

Air 1 

Oxygen 1 

Nitrogen 1 

Hydrogen 1 

Chlorine 39 

Hydric Chloride 62 

Carbonic Oxide 90 

Carbonic Acid 90 

Nitrous Oxide 355 

Hydric Sulphide 890 

Sulpliurous Acid 710 

Ethylene 970 

Ammonia 1195 

Dr, Tyndall, from w\xoae 'woxAk. \^i<i «5oa^^Aafc\fe \« 
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taken, has ascertained that, with gases, good absorbers 
are also good radiators ; moreover, that carbonic acid 
is particularly opaque to the heat from the carbonic 
oxide flame, which consists of incandescent carbonic 
acid. Aqueous vapour is very opaque to heat, espe- 
cially to the heat radiated from a hydrogen flame which 
consists of incandescent steam. 

The experiments of Dr. Tyndall tend to show that 
elementary bodies are more diathermic than compounds. 
This is especially the case with gases, the diather- 
mancies of which have been given. The opaque 
vapour of bromine, an element, is far more diathermic 
than ethylene, a colourless compound gas. Lamp- 
black J which is a modification of the element carbon 
and is very adiathermic (opaque) to heat of high in- 
tensity, is diathermic to heat issuing from a source of 
100** ; but ozone, a modification of oxygen, is very 
adiathermic to heat issuing from a similar source. 

The student should carefully distinguish between the 
passage of heat through a substance and the heat of 
the substance itself. When a substance is transparent 
to heat, the aether which permeates the substance 
vibrates with heat-waves, but these vibrations are not 
imparted to the substance ; the aether vibrates inde- 
pendently of the substance. When, however, the heat 
is absorbed, the vibrations of the aether are transferred 
to the particles of the substance, and, consequently, 
the temperature of the latter rises. For instance, if a 
tube containing ether is held in the focus of a burning 
mirror, the temperature of the ether rises but slightly ; 
because the heat-waves passing through the liquid are 
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only very partially transferred to the liquid particles. 
But) if the heat is caused to be absorbed, as by immers- 
ing in the ether a little lamp-black, the temperature of 
the liquid rapidly rises — the heat-waves are transferred 
to the liquid particles — and the ether boils away 
rapidly. {Miller's Physics,) 
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How are the measures of length, bulk, and weight 
interconnected ? 

Describe accurately the unit of weight. Why was 
this unit chosen ? 

A room is 7 metres square and 1 decametre high. 
Find the capacity of the room in cubic metres and in 
litres. 

Why is the term cold usually excluded from scientific 
treatises on heat ? 

The temperature of a body meaning the tendency of 
that body to impart its heat to other bodies, show that 
all the objects in a room, if left quiescent for a sufficiently 
long time, must be at the same temperature. 

Explain the apparent coldness of certain bodies. 

What is meant by expansion ? Give examples of it. 

What other forces besides Heat will cause bodies to 
expand ? Describe experiments to prove what you say. 

What is meant by the three dimensions of a solid ? 
What is the bulk of a block of wood 2 metres long, 1 
decimetre thick, and 7 centimetres deep ? 

The edge of a cubical block of a solid expands 
when heated by 1- 100th of its length. Compare the 
superficial area of one side of the cube and the cubical 
contents of the cube at the higher temperature with 
the corresponding dimensions of the cube before being 
heated. 
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How is the linear expansion of a solid found ? 

Show that, in the table given on page 14, it is quite 
unnecessary to mention any particular length, the 
abstract numbers — '0086, &c. — giving all the informa- 
tion required. 

What is the meaning of the term specific as applied 
to expansibility ? What is the relative linear expansi- 
bility of copper as compared with that of glass tube ? 

Enumerate some of the circumstances that affect 
the expansibility of a solid. 

If a compound bar is straight at the ordinary tem- 
perature, what would be the effect of immersing it in 
an exceedingly cold liquid ? 

How do changes of temperature affect time-pieces ? 

Describe the structure and the use of Danieirs Pyro- 
meter. 

Describe the methods for ascertaining the cubical 
expansion of solids by direct experiment ; and show 
how these presuppose a knowledge of the real expan- 
sion of some liquid. 

Describe experiments that prove the different con- 
ductivity of substances for heat. 

How is the conductivity of a solid measured ? 

Describe accurately the difference between the appa- 
rent and the real expansion of a liquid. 

How is a thermometer made ? Why is it absolutely 
necessary to have two fixed points on the tube ? What 
are these two points ? 

How many thermometric scales are there in common 
use, and what relation subsists between them ? 

What are the peculiar advantages of an alcohol 
thermomeiQT 7 
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Describe Rutherford's Minimum Tbermometer. 

Describe experiments to show the convection of heat 
by liquids. 

Explain the use of the common barometer ; and show 
how it is affected by changes of temperature. 

How can the absolute expansion of a liquid be 
deduced from its relative weights at different tempera- 
tures ? How were the latter determined, in the case of 
mercury, by Dulong and Petit? 

What knowledge do we gain from the statement that 
the mean coeflScient of expansion of ether between 
0° and 10° is -00152 ? 

Describe the deportment of water when heated from 
0° to 100° ; and show how this affects the rate of cooling 
in fresh- water lakes. 

What is Gay-Lussac's law with respect to gaseous 
expansion? How far is it in accordance with the 
results of later experiments — especially those of 
Regnault on the expansion of gases under great pres- 
sure ? 

How is the expansion of a gas employed for deter- 
mining temperatures ? 

What currents of air are produced when a fire is 
lighted ? 

What is the course of the lower trade wind in the 
southern hemisphere ? 

Wliich is the readiest means of ascertaining at what 
temperature the vapour of a liquid begins to be a perfect 
gas? 

How are gases weighed, and what precautions have 
to be taken during the process ? 

Describe one of the methods of determining the rela- 
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tive weight of a vapour. How does this method differ 
from the other described in the text ? 

As compared with hydrogen under similar conditions 
of temperature and pressure, the relative weight of a 
certain gas is 10 at 85°-76m. B.P., but is 12 at 327° 
•76m. B.P. What is the mean coefficient of expan- 
sion of the gas between 85° and 327° ? Find also the 
calculated coefficient of expansion of the gas at 0°. 

The relative weight of a gas at 15° is 20 (as com- 
pared with hydrogen at 0°). When the gas is heated 
to 20°, it expands more than a perfect gas would do in 
the proportion of 166 to 155. What is the relative 
weight of the gas at 100° (as compared with hydrogen 
at 100°), supposing that the gas expands uniformly 
between 15° and 100° ? 

Explain the discovery which Dr. Black 'made with 
regard to the conversion of water into steam. 

Enumerate some familiar instances of the disappear- 
ance of heat during evaporation, and of the evolution of 
heat during condensation. 

Describe experiments which prove that water eva- 
porates at all ordinary temperatures. 

How is it proved that the potential heat of steam at 
100° is 637? 

State precisely what is meant by the tension of a 

vapour. 

What is Dalton's Law of the Tension of Vapours, 
and how far is it true ? 

How could you convert a gas into a saturated vapour 
without altering the pressure upon it ? 

Draw a figure of Thilorier's Condenser. Describe its 
structure and its use. 
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What is a freezing mixture ? 

Give examples of the evolution of heat during solidi- 
fication. 

What is the meaning of the term Relative Heat ? 
Describe the several methods of ascertaining the relative 
heats of solids and liquids. 

State clearly what information we derive from the 
fact that the relative heat of silver is '057. To what 
temperature will a gramme of silver at 0° be raised by 
the application of 1 gramme-unit of heat to it ? 

Explain Dulong and Petit's Law of Atomic Heats. 

If 10 cubic centimetres of mercury at 100° are shaken 
up with 5 cubic centimetres of water at 0°, what will be 
the temperature of the mercury or of the water, sup- 
posing that none of the heat is lost ? Find also the 
bulk of the water after agitation. 

What conclusions can be drawn from the study of the 
relative heats of gases under various conditions ? 

Explain distinctly what is meant by the expression — 
Mechanical Equivalent of the Unit of Heat. 

How has the mechanical equivalent of unit of heat 
been determined experimentally ? 

What quantity of force would be required to com- 
press 1 gramme of steam at 100° 'TGm. B.P. into water 
at 100°, supposing that the heat produced by the com- 
pression was continually removed ? 

Give some familiar cases of the conversion of mecha- 
nical force into heat. 

How much heat is evolved by the combustion of 
3 kilogrammes of carbon in air ? 

What quantity of carbon must be burnt in the air so 
as to produce as much heat as ia obt"a.Yaa^ \s^ ^3w^ ^<3«^- 
buBtion in air of 32 grammes oi ^viX^xxtl 
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Enumerate some of the sources of beat. 

What part does a plant play in the economy of 
nature ? 

Distinguish between radiation, conduction, and con- 
vection of heat. 

How can radiant heat be reflected ? 

Explain the theory of exchanges. 

What connection is there between the absorbents and 
the radiators of heat ? 

How is the absorption of heat affected by colour ? 

Enumerate some of the more important conclusions 
derived from the study of the absorption of heat by 
gases. 

How would you prove that waves of heat may strike 
against a substance, or even pass through it, withont 
causing rise of temperature ? 

Why is glass used for hot- houses and for fire- 
screens ? 

Tea remains hot longer in a silver tea-pot than when 
it is in one of earthenware. Explain this. 
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The object of this Treatise is to simplify the method of 
teaching Chemistry by deferring symbolical notation and 
theoretical considerations imtil the student has acquired a 
knowledge of the facts which symbols represent and on 
which theories are founded. The rational nomenclature 
partly used in late works on Chemistry, is systematically 
employed in this book. To famiUarise students with 
chemical reactions and their results, questions are appended 
to each chapter, and answers are given to all those which 
require calculation, and which amount to about 300. At 
the end of the second part, where symbols and theories are 
considered, about 60 questions as examples are given, some 
of which are fully worked out. A chapter containing Advice 
to Candidates under examination is added, and the book is 
completed by the matriculation questions on Chemistry, of 
the London University, from January, 1865, to January, 
1869, inclusive. The answers to all questions involving 
calculation are given, and the method of working them 
fully explained. 

This Book is adopted as Tezt-Book at University College, 

London. 

[^For Critical Notices see uext 'gaqe%\ 
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** Tills Tolnme is too. excellent introdcction to the science of 
Chemistry. The arrangement is satisfactory, the iUostradve 
experiments are clearly described, and the explanations of chemical 
changes are lucid, llie work is evidently the result of consider- 
able practice in teaching the science of which the author writes." 
— Athenceum. 

** Mr. BariT's ' Introduction' will be of the greatest value to 
schools, and is a mosc serviceable contribution to chemical litera- 
ture. The modesty and simplicity of its purpose, its freedom from 
theoretical partialities, and (what is not unimportant) its moderate 
price, will ensure it a deserved and hearty commendation." — 
Philosophical Magazine, 

"It is impossible to read this book without a conviction of 
its marked superiority. The conciseness and lucidity with 
which each point is handled give to it the freshness of original 
study, and the reader is disposed to regret that in his younger 
days he was possessed of no such handbook on this difficult 
science, with which to quicken his awakening aspirations. Mr. 
Barflf's book is a complete success in the art of deriving away the 
weariness of first attempts." — Examiner and Lfmdon Review. 

" This is the first volume of an educational series of elementary 
treatises about to be issued for students. The student who knows 
Mr. Barff's book in the way it is intended to be known will have 
a solid ground-word of chemical knowledge on which he may safely 
rear the more speculative branches of the science. For the pur- 
poses of clear instruction for preparing for the earlier examina- 
tions, and last, though not least, for cheapness and excellence, we 
heartily recommend Mr. Barff's work to the notice of students." 
— Lancet. 

" Mr. BarlT has succeeded in the by no means easy task of pre- 
paring a book on a scientific subject in a thoroughly elementary 
manner. It requires that a man should be well skilled in his 
subject if he essay to ^v^ite for a beginner, and the volume before 
us shows its author to be a complete master of his science. The 
publishers deserve the highest praise for the * get up ' of the book 
at a price which makes it the cheapest work of the kind obtainable." 
— Medical Times and Gazette, 
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" The author is quite np to the latest practice in a science in 
which there is always something new to be stated.** — PuhUshera^ 
Circula/r, 

" It is a rare thing to find a scientific book written in a simple 
and scientific manner. Scientific men seem to imagine that their 
work is finished when they have detailed a number of isolated 
facts. For educational purposes this is not sufficient; there must 
be connection, logical treatment, parallels must be drawn, and the 
reason and judgment of the student exercised. In the work we 
have before us this object has been attained. Mr. Barff has 
written a good school book. It is an introduction to the science 
of Chemistry, and is calculated to give the student a solid founda- 
tion on which to raise a solid superstracture." — Inqy/i/rer, 

" A very lucid exposition of the elementary principles of 
Chemistry. The book is intended principally to assist students 
preparing for their matriculation examinations at the universities, 
and may be adopted with advantage as a school book generally, 
supplying in an easy and intelligible form that rudimentuy know- 
ledge of chemical science which is now universally considered a 
necessary branch of education.*' — Morning 8ta/r. 

" This manual cannot but prove most useful wherever it is 
introduced.** — City Press, 

" It cannot fail to be highly appreciated, not only bj aspirants 
to medical honours, but by aU students and scholars. The book 
is calculated to ground the student in the elements of chemistry.** 
Medical Mirror. 

" Deserves praise on the score of clearness.** — Sta/nda/rd. 

" The student who wishes to gain a sound knowledge of Scien- 
tific Chemistry will find in this book all that he requires. Mr. 
Barff has solved the problem whether Chemistry can be made a 
true means of mental training. His work treats with clearness 
and precision all those knotty points of his subject which are 
wont to puzzle the young student. Furnished with this work, no 
student need now have any difficulty in obtaining a satisfactory 
acquaintance with the leading principles of the interesting branch 
of science of which they treat.** — TJmta/rian Herald. 

" The class for whom it is intended will find it one of the best 
guides to a perfect knowledge of the science to be found in the 
EngHsh language. The value of using this treatise in preference 
to others will be fo'and to be exceedingly great, &om the circum- 
stance that it is based upon, and henceforth wiU form part of, the 
system adopted for examination in the London University. 
Perhaps its greatest merit is that it will teach young men to 
think, and to pursue the stady oi CjVemii&^x^ ^sa2t^\iii.'^^'Skss^^> 
and connectedly.** — Catholic Opiuwa, 
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** It is impossible not to regard it as a most exceptional and 
meritorious performance. The author has from the ontset the 
advantage of being intelligible. The writer has achieved a 
decided success. Its plain and forcible style, the directness of 
its teaching, and its large employment of the catechetioal method 
would have in any case ensured it a welcome reception. But its 
peculiar value consists in the simple and concrete system on 
which it proceeds." — Nation. 

" The book is admirably adapted for the purposes for which it 
was written ; the style is simple, and the important reactions are 
referred to so frequently that the student cannot forget them. 
Mr. Bar£f appears to be very practical in his ideas. These 
features will render the book of great value to medical students, 
to whom we strongly recommend it." — British Medical Jowmal, 

" Mr. Barff 's book may be said to contain aU the corrections 
that recent discoveries have necessitated. The aim of the author 
is to leacd the student step by step to a thorough and rational 
acquaintance with the secrets of the laboratory. The hints to 
candidates at the end of the book are good, and we heartily 
recommend this book to all students." — Tablet, 

" This is one of the very best books of the kind we have ever 
seen. The lad who could not learn Chemistry with positive 
pleasure through the means of Mr. Barff's book could not learn 
it at all. The book is admirably suited for schools." — Freema/iikt 
Jowmal, 

" Mr. Barff's * Chemistry* we have no doubt, will be hailed by 
all whose interest it is to teach chemistry iif a scientific manner. 
Experience of the difficulties of teaching is required to write a 
book for learners, and every page of this work bears the mark of 
the teacher's hand. This book, with a course of good lectures, 
will be invaluable to the real student." — The Month, 

" The author has apparently exhausted his subject in this work. 
Nothing has escaped him, and in the end we have a thorough 
mastering of the wonderful science, so simply described as to be 
intelligible to every mind anxious and able to learn." — Croydon 
Chronicle, * 

" The great change that has taken place in theoretical Chemistry 
has created a necessity for new text-books, and Mr. Barff has ably 
supplied a want urgently felt in all good schools. Certainly, no 
elementary work on Chemistry teaches so much in so simple a 
way." — Stiident, 

GJBOOMBEIDGE & S015S, 5, PA.TEB.NOSTER ROW, 
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"This volume is an excellent introduction to the science of 
Chemistry. The arrangement is satis&ctory, the illustrative 
experiments are clearly descrihed, and the explanations of chemical 
changes are lucid. The work is evidently the result of consider- 
ahle practice in teaching the science of which the author writes." 
— Athenodv/m. 

" It is satisfactory to he ahle to find a sound and thoughtful 
book like the present exactly suited to the needs of the beginner 
It is no mere sing-song reiteration of a number of statements, 
some true, some doubtful, and some unimportant, concerning 
acids, and salts, and gases. With precision and skill, the indis- 
putable facts which constitute the groundwork of our knowledge 
of the chemical properties of matter, have been duly marshalled 
and clearly described ; while the attention of the student is 
directed in the more advanced chapters of the work to the dis- 
tinctive characters of really important substances." — Spectator, 

GEOOMBRIDGE & SONS, 5, Paternoster Eow, London. 



IN PREPARATION. By the same Authcrr, 

THE THIKD PART 

OP 

AN INTRODUCTION TO SCIENTIFIC CHEMISTRY, 

Extending to the consideration of the more Simple Metals. 
Also in Prepwration, by the same Author, 

A TREATISE ON 

PRACTICAL AND EXPERIMENTAL CHEMISTRY. 

More especially designed for the assistance of teachers and 

persons desirous of passing the higher Examinations 

at the London University, or elsewhere. 

GBOOMBBIDQE & SONS, 5, PaVOTiio^'cftT ^o^ , VcsvAovi.. 



Now BSADT, 

Fcap. Svo, clothf price 3s. 6d., post-free for 4^ Stamps. 

AJN INTRODUCTION 

TO 

THE SCIENCE OF HEAT. 

By T. A. OBME, 

Teaclier of ChenUstry amd Experimental Physics, University 

College School, London. 

The subject is so treated as to render it intelligible to all who 
have a knowledge of arithmetic, and special attention is paid to 
those parts of the science which are practically asefoL 



GROOMBRIDGE & SONS, 5, Paternoster Bow, Londou 



Now Beadt, 
Fcap. Svo, cloth, price 4s., post-free for 4^ Stamps. 

AN ELEMENTARY COURSE 

OF 

MECHANICAL PHILOSOPHY. 

BY RICHARD WORMELL, M.A., B.Sc. 

A suitable text-book for students preparing for the Matricula- 
tion Examination, London ; Examination in Science (First B.Sc.); 
Examination in Arts (Second B.A.) ; Examinations of the Sci^ce 
and Art Department, and the competitions for the Whitworth 
Scholarships. 

GROOMBRIDGE & SONS, 5, Paternoster Bow, London. 



IN PREPARATION. 
Uniform with Mr. Ba/rff's "Modem Scientific Chemistry.'* 
THE ELEIwaiEITTS OF 

ZOOLOGY AND COMPARATIVE ANATOMY. 

By W. H. ALL CHIN, 

^nifreishii College, Jonbon. 

This book is intended to supply a want felt generally, and 
more especially by candidates for degrees at the University 
Examinations. 

The characters of the various clasoes of animals will be treated 
of with especial reference to Yiievt t.oo\o^c«1 importance. 



DR. COBBOLD'S WORK ON INTERNAL PARASITES. 
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Two Volumes, royal Svo, cloth, Price £2 2s, 

Illustkated with Twenty-one Coloured and Tinted full- 
page Plates, and 150 Wood Engravings, 

E N T z o A. 

BY 

T. SPENCER COBBOLD, M.D., F.R.S. 



The object of this treatise is to afford a compreliensive outline 
of the subject of internal parasites ; more especially treating of 
those which take up their residence in the human body itself, or 
which aflfect man's social welfare in a more indirect manner. 

Although the work has been cast in a strictly scientific shape, 
the Author has sought to communicate his opinions and infor- 
mation in an easy and familiar style of writing, as free as possible 
from unnecessary technicalities. It is the result of several years' 
diligent labour in the field of Helminthology, and contains nume- 
rous facts hitherto unrecorded, some of them believed to be of 
lae highest practical value. 



Critical Hotices. 

"Of the manner in which Dr. Cobbold has executed his work, we have 
onlv to say it is such as might have been anticipated from his well-known 
zeal in investigating' physiological truths, and his long and close application 
to this particular subject. The illustrations are extremely well executed, 
and the book is got up in admirable style. Every medical practitioner ought 
to be in possession of it." — Athenceum. 

" A first-class book in all respects, handsomely printed on capital paper, 
well written, and ftill of the newest matter, scientific and practical."— Jlfedtcoi 

" It is a splendid volume, indeed very few scientific works will compete 
with it for elaborate and beautiful illustration. Dr. Cobbold has worked at 
this difficult branch of natural history with exemplary patience and i)erse- 
verance." — Intellectual Observer. 

" A noble contribution to medical science, which does honour to its author, 
and is a credit to our national literature. It is the genuine result of con- 
tinuous and patient research, of great acumen, long Uterary labour, and 
honourable devotion to science. The illustrations are numerous, original 
and remarkable for their accuracy and beauty. The publisher has spared no 
pains in presenting the book in a worthy and splendid dress ; the paper and 
typognrapby are luxurious." — Lancet. 
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12mo, cloth gilt, price 5s., post-free for 60 Stamps, 

THE 

PHAEMACEUTICAL LATDT GRAMMAB ' 

BEING 

AN EASY INTRODUCTION 

TO 

MEDICAL LATIN, THE LOXDON PHAEMAC 

AND THE PERUSAL OF 

PHYSICIANS' PEESCEIPTIONS. 

By ABNOLD JAMES GOOLEY, 

Author of the ** Cyclopcedia of Practical Receipts** ete^ etc. 

GROOMBRIDGE & SONS, 5, Paternoster Row, London. 
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VALUABLE AID TO COMPOSmON. ' 



Small post 8vo, price 3s. 6d., cloth, post-free for 4^ Stamps. 

DESK-BOOK OF ENGLISH SYNONYMS. 

Designed to afford assistance in Composition, and also as a 

Work of referen/ie requisite for the Secretary, amd 

useful for the Student. 

By JOHN SHEBEB. 



" As the greatest care has been taken to render this work as 
complete as possible within snch limits as would not circumscribe 
its general usefulness, by the extravagance of its price, it is hoped 
that it will be found to supply a desideratum which hoB been long 
felt and acknowledged." — Extract from Author's Preface. 

" From the very careful and complete manner in which the 
author has got up his Analytical Index, we should think the 
volume would readily serve every purpose intended." — Reader. 

"The object is well carried ont." — Notes and Queries. 

"Abounds in the illustrations of terms, and their many curious 
affinities." — Messenger'. 

" A very valuable help to the art of composition, as well as a 
useful book of reference to the secretary and student. Besides 
the etymology of words, we find their general acceptation also 
explained. An Analytical Index, containing the whole of the 
Synonyms indicated by the pages where they occur, arranged in 
alphabetical order, facilitates the search for a required word." — 
Public Opinion. 
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